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Selective Fixation of Deleterious Phosphatidic and Pigment 
Materials in Commercial Processing to Improve 
Quality of Cottonseed Oil and Meal I 
G. C. CAVANAGH, Ranchers Cotton Oil, Fresno, California 

I 
N A PREVIOUS REPORT ( 4 )  On a commercial ly operat-  
ing, in tegrated cottonseed oil mill and salad oil 
p lant  a process was described for  producing a 

quality, dust-free, solvent meal and a salad oil with 
excellent keeping quality, flavor, and chill test (5). 
Since these da ta  were presented, addit ional  work has 
been done on evaluating the specific effect each step 
of  processing has on the meal and on the oil. These 
data comprise the subject mat te r  for  the present  
report .  

As a basis for  comparing quali ty of meal and oil 
in various stages of processing the following criteria 
were a rb i t ra r i ly  set up:  

Meal 
1. F ree  gossypol  (1)  
2. N i t r o g e n  so lub i l i ty  in  0.02N N a O H  (10)  
3. A v a i l a b l e  gossypol  un i t s - -A .G.U.  (7 ) .  

I n  a d d i t i o n  to the ana lyses  enumera t ed  above, a l l  mea l  sam- 
ples were ana lyzed  fo r  mois ture ,  oil, crude pro te in ,  and  pH.  
The l a t t e r  measu remen t  was  de te rmined  by  s t i r r i n g  20 g. of 
meal  fo r  10 seconds in  a W a r i n g  B le nde r  wi th  200 ml. of 
d i s t i l l ed  wate r ,  p H  was  r ead  on s lu r ry  w i t h  a Be c kman  p i t  
meter .  

The c r i t e r iu  for  e v a l u a t i n g  the qua l i t y  of the crude oil 
th rough  the  var ious  s tages  of process ing  a nd  also fo r  deter-  
m i n i n g  the  effect of exposure  to sun l igh t  a nd  a i r  on crude 
cot tonseed oil were :  

Oil 
1. Moisture and volatile matter 
2. Free fatty acids 
3. Lovibond color of 1-in. column of crude oil 
4. Chromatographic loss. 

Analysis of the source material and processing conditions 
under which the meal and oil described in this report were 
produced follows : 

Seed Variety: Acala 4-42 
Seed Analysis 

% % 
Moisture .................... 8.2 F.F.A. 0.5 
Oil .............................. 19.8 Total lint 12.2 
Ammonia ................... 4.16 Grade 110.0 
Free Gossypol ........... 0.97 (moisture- and oil- 

free basis). 

The cottonseed meats with added hulls to control 
the protein to 41% were flaked in five-high rolls to 
0.016 in. and cooked in five-high stack cookers. Mois- 
ture  content of cooked meats  at the cooker discharge 

1 Presented at the 48th Annual Meeting of the American Oil Chemists' 
Society, New Orleans, La., April 29, 1957. 

was 12.6%, t empera tu re  of meats at cooker discharge, 
208~176 Granu la r  soda ash was added to the 
cooked meats at  the rate  of 0.4% of the weight of the 
cooked meats pr ior  to prepressing. 

The prepressed flake averaged 13.5% residual  oil, 
and the t empera tu re  of prepressed flake at  screw- 
press discharge was 207~176 

The highest t empera tu re  to which the crude oil 
was exposed was 210~176 iu the cooking and 
prepress  stages, the highest t empera ture  to which the 
meal was exposed, 235~176 at the final, meal- 
dryer  discharge. 

The da ta  in Table I show the effect each stage of 
processing has on the meal. Commercial ly processed, 
cottonseed meat-hull  mixtures  normal ly  have an oil 
content of approx imate ly  30%. Cooked meats  before 
and af ter  addit ion of soda ash and prepressed flakes 
were extracted in the laboratory  with n hexane to 
obtain the meals shown in the first three columns in 
Table I. The meals f rom the extractor,  tube dryer,  
and dryer  and  toaster  were used as they came f rom 
the plant  except that  the extractor  meal was air-dried 
to remove the hexane. 

Table I shows a normal  and  reasonable reduction 
of gossypol in cooking, in the prepress ing step af ter  
the addit ion of solid soda ash, and in the solvent- 
extraction and  meal-drying stages (11). This is espr 
cially notewor thy because miscella-refined soapstock 
is added to the second of five tube-dryers  in series. 
This soapstock has a slight excess of caustic soda and 
supposedly contains considerable amounts  of gossypol 
(2) which has been removed f rom the oil by  the 
alkali-refining processes (6). Yet  the da ta  show a 
normal  decrease in free gossypol and also a decrease 
in p H  in spite of the addit ion of the alkaline soap- 
stock f rom miscella refining. This decrease in p H  is 
a t t r ibuted to the  presence of residual soda ash f rom 
the initial  t r ea tment  of the meats subsequent to 
cooking. 

A.G.U., or Available Gossypol Units, is a combined 
biological and  chemical assay of the gossypol present  
in cottonseed meal, which will combine with cephalin 
in egg yolks to fo rm a cephalin-gossypol complex 
that  is related to egg-yolk discoloration (7).  

Dr. Grau  and co-workers at the Univers i ty  of Cali- 
fornia  are responsible for  developing this new tool 
for  evaluat ing a cottonseed meal with respect  to pos- 
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C o m p a r a t i v e  Ana lys i s  of )/~eats and  Meal  T h r o u g h  V a r i o u s  S tages  of P l a n t  P roces s in  

Mois tu re  ...................................................................... 
Oil ............................................................................... 
P r o t e i n  .................. ...................................................... 
F ree  gossypol .............................................................. 
N i t r o g e n  solubil i ty a .................................................... 
p~I b ............................................................................. 
A .G.U.  c ....................................................................... 

E x t r a c t e d  in  l abora to ry  w i t h  n o r m a l  hexane  

Cooked mea t s  

8.9% 
1.o% 

38 .98% 
0.225% 

65 .2% 
6.7 

Cooked mea t s  
+ soda a sh  

7.5% 
1.0% 

39.41% 
0 . 2 2 9 %  

61 .6% 
7.1 

P r e p r e s s e d  
f lakes 

9 .3% 
L7% 

40.13% 
0 .077% 

76 .2% 
6.9 

Meal  f r o m  
ex t rac to r  

9 . 3 %  
0.6% 

38.92% 
0 . 0 6 4 %  

8 0 . 9 %  
6.9 
0.58 d 

Meal  f r o m  
tube  d r y e r  

a f t e r  add i t ion  
of soaps toek  

8.5% 
~.2% 

4 2 . 0 9 %  
0 . 0 5 8 %  

6 7 . 7 %  
6.6 
0.46 d 

Commercia l  
meal  f rom 
d rye r  a n d  

toas te r  

7 .3% 
0.9% 

4O.5O% 
0.044% 

78.9% 
6.6 
0.23 d 

a N i t rogen  solubil i ty calculated by method  of Chang,  L y m a n ,  a n d  Couch,  Texas  A&M. 
b20 g. meal  s t i r r ed  10 sec. in  W a r i n g  B lende r  wi th  200 ml. wa te r .  R e a d  p H  on slurry~ 
cA.G.U,  avai lable  gossypol  un i t s  by  method  of Orau ,  Un iv .  Cal i forn ia .  
dTen t a t i ve  da ta  subjec t  to conf i rma t ion  by i ndependen t  l abora tory .  

sible egg-yolk discoloration. This method of analysis 
is so sensitive tha t  1% or less or an expeller type 
of meal can easily be detected in a laying-hen rat ion 
by  analysis of the egg yolks. This combined biologi- 
cal and chemical analysis is ful ly  described in the 
reference (7). 

AGU Calculation: 
A b 4 0 0 - A b 4 4 5  d i e t  e g g  - -  A b 4 0 0 - A b 4 4 5  b a s a l  e g g  

AGU X 100 
% C S M  i n  d i e t  

Using data and analyses obtained over a three-year  
period, Dr. Grau  and co-workers state that  a cotton- 
seed meal with A.G.U. of 0.25 or less (8) can be safely 
fed to laying hens in anmunts up to 10% of the total  
weight of the rat ion without  egg-yolk discoloration. 

The last three columns of Table I show that,  in low- 
ering the free gossypol 0.006% between the extractor  
and the tube dryer,  the A.G.U. were lowered by  0.12. 
I n  lowering the free gossypol 0.014% between the 
tube dryers  and the dryer  and toaster, the A.G.U. 
were decreased by  0.23. 2 No claim for  any correlation 
between free gossypol and A.G.U. is indicated or im- 
plied by the relationship shown in these par t icular  
meals. Other meals tested show a lower A.G.U. with 
0.04% free gossypol than was obtained with a meal 
analyzing 0.035% free gossypol. 

Over 200 A.G.U. determinat ions have been made in 
our laboratory  on eight different lots of meal pro- 
duced commercially, as described earlier in this paper  
(4). Three of these meals have been tested by  inde- 
pendent  laboratories or universi t ies;  others are pres- 
ent ly being tested. A.G.U. values on these commer- 
cial meals have all been in the range of 0.16 to 0.33, 
and a very  close correlation exists between different 
collaborators on the same meal. Commercial  feeding 
trials on 300-bird lots of laying hens are planned at 
three different locations to evaluate fu r the r  this type 
of cottonseed meal and the analytical  method. To 
date none of this meal has been sold in commercial 
channels for  laying-hen rations, nor  is any  sale con- 
templated for  this purpose unti l  addit ional data  are 
obtained. 

In  addit ion to the A.G.U. work, eight-week feeding 
trials were completed March 27, 1957 with 128 Van- 
tress Cornish New Hampsh i r e  Crosses, which were 
separated into cages of 16 birds each. The pullets 
were kept  in cages separate  f rom the cockerels. Soy- 
bean meal, screw-press-type of cottonseed meal and 
prepressed solvent-meal produced by the method (4) 
descrbied earlier in this pape r  were obtained f rom 
mixed feed manufac tu re r s  by  an independent  chemi- 
cal laboratory,  where the feeding trials were con- 
ducted. The birds were fed under  the direction and 

2 T e n t a t i v e  d a t a  subjec t  to conf i rmat ion .  

supervision of Hoba r t  Halloran,  a nutrit ionist .  The 
basal diet containing soybean meal was an exact 
duplication of the A.N.R.C. (Animal  Nutri t ional  Re- 
search Council} basal or equivalent. The results of 
this feeding tr ial  showed a significant increase in 
feed efficiency of the soda ash soapstock-treated, p r e -  
pressed solvent-meal over the expeller type of meal. 

The feed efficiency of this prepressed, solvent-meal 
ra t ion was as high as or f ract ional ly  higher than the 
basal soybean diet. Feeding trials of the same num- 
ber, breed, and  diets were duplicated. The results 
substant iated the original work. 

F r o m  data accumulated to date it would appear  
that,  by careful supervision and control of the various 
processing steps, commercial  meals of quality at least 
comparable to that  described above can be consistently 
produced (9). 

The crude oils f rom the laboratory-extracted meats 
and prepressed flakes were recovered f rom the solvent 
for  the analysis shown in Table I [  by removing 
the n hexane under  vacuum in the dark  at tempera-  
tures below 150~176 Some difficulty was ex- 
perienced in completely removing the solvent f rom 
the oil even at t empera tures  of 150~176 under  
0.3-ram. H g  vacuum. The incomplete removal of n 
hexane f rom samples 1, 7, and 16 in Table I I  may 
have had a significant adverse effect on the chromato- 
graphic  losses on these samples under  the various 
conditions of exposure in the test. 

Normal ly  an increase in F.F.A.  of 0.1% to 0.5% 
in the oil f rom the seed dur ing cooking and process- 
ing is expected. This may  be caused by enzymic 
breakdown of the tr iglyeerides as a result  of process- 
ing tempera ture  and pressure or by  unknown causes. 
As F.F.A.  increase represents  a loss dur ing the re- 
fining step of some fac tor  mult ipl ied by the actual  
increase in F.F.A.  (12, 3), it is apparen t  that  con- 
trol l ing the F .F .A.  increase dur ing  processing is 
impor tan t  in obtaining the greatest  possible yield 
of refined oil per  ton of source material .  The addition 
of g ranular  soda ash to the cooked meats not only 
neutralizes some of the F.F.A.  na tu ra l ly  present but 
re tards  F.F.A.  increase dur ing processing. This con- 
clusion is based on three years of actual  plant  opera- 
tion data, compar ing daily seed analysis, plant  refin- 
ing losses, and actual  weighed yields of refined oil. 

The chromatograohic  losses shown in Table I I  are 
a bit erratic, possibly because of the reasons previ- 
ously mentioned, but  certainly exhibit a consistent 
t rend of increasing with increasing exposure to sun- 
light and air. The color data  on the crude oil follow 
the same pa t te rn  in general as the chromatographic 
losses with respect to exposure to sunlight and air. 
We have found this to be more pronounced and more 
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TAB LE I I  

Compara t ive  Analysis  of Oil T h r o u g h V a r i o u s  S tages  of P l a n t  Process ing 

L 
2. 
3. 

4. 
5. 
6. 

7. 
8. 
9. 

10. 
11. 
12. 

13. 
14. 
15. 

16. 
17. 
18. 

Labora tory-ext rac ted  oil from cooked meats ....................................... : ............ 
Same as No. 1 p lus  15 rain. sun l igh t  ................................................................ 
Same as No. 1 plus  sun and  air  ........................................................................ 

Same as No. 1 p lus  g r a n u l a r  soda ash .............................................................. 
Same as No. 4 plus  15 rain. sun l igh t  ................................................................ 
Same as No. 4 plus  sun and a i r  ........................................................................ 

Laboratory-extracted oil f rom prepressed flake ................................................ 
Same as No. 7 plus  15 min.  sun l igh t  ................................................................ 
Same as No. 7 plus  sun and  air  ....................................................................... 

P lan t -prepressed  oil low-pressure .................................................................... 
Same as No. 10 plus  15 rain. sun l igh t  .............................................. , ............... 
Same as No. 10 plus  sun and  a i r  ..................................................................... 

P lan t -prepressed  oil h igh  pressure  ................................................................... 
Same as No. 13 plus  15 rain. sun l igh t  .............................................................. 
Same as No. 13 plus  sun and  mr ..................................................................... 

P l a n t  solvent-extracted oil ................................................................................ 
Same as No. 16 plus  15 rain. sun l igh t  .............................................................. 
Same as No. 16 plus  sun and  a i r  ...................................................................... 

Lov ibond  color 
Moisture and F.F.A.  Loss data  l - in .  column 

volat i le  chromatographic  c r u d e  oil 

% 
0.53 

% 
0.69 

0.09 

0.80 

0.1O 

0.06 

0.12 

0.43 

0.51 
0.50 
0.56 

0.70 
0.67 
0.61 

0.64 
0.59 
0.50 

0.53 
0.62 
0.50 

% 
2,88 
3.60 
5.08 

2.19 
3.10 
2A8 

3,11 
5,14 
4,06 

1.33 
3.78 
4.25 

1,34 
4.24 
2.49 

2.97 
4.63 
6.36 

35 /11 .3  
35 /11 .3  
35 /13 .6  

35 /10 .6  
35 /11 .2  
35 /13 .6  

35 /13 .7  
35 /14 .1  
35 /15 .7  

35/13 .3  
35 /15 .1  
35 /18 .5  

35 /15 .7  
35 /22 .2  
35 /26 .0  

35 /11 .9  
35 /14 .9  
35 /16 .6  

apparent on oils produced from seed with over 1.0% 
F.F.A. than is indicated on the 0.5% F.F.A. seed 
processed during this test period. 

A more complete appraisal of  CuP loss and color 
data correlated with the rest of the oil analysis shown 
in Table II  is contemplated in the future. We pro- 
pose to continue this work in our plant along com- 
parably comprehensive lines. Periodic progress re- 
ports will be made to the American Oil Chemists' 
Society when justified by plant and laboratory data 
obtained. 

Summary 
Plant operating-procedures and laboratory controls 

were set up to evaluate the quality of meal and oil 
which could be produced through each stage of 
commercial, prepress-solvent- extraction processing. 
By altering conventional, prepress-solvent-processing 
conditions and by increasing moisture during cook- 
ing and adding granular soda ash after cooking 
meats, cottonseed meal rations can be produced which 
are comparable in feed efficiency to soybean meal 
rations and satisfactory for feeding laying hens in 
amounts up to. 10% of the total weight of the ration 
with no egg-yolk discoloration and crude cottonseed 
oils with low F.F.A. and light color can be produced 
which refined to low Lovibond colors and with refin- 

iug losses approxinmting the chromatographic loss 
when miseella refined within minutes after separation 
from the source material with the exclusion of air 
and light. 
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Composition of Acidulated Cottonseed Soapstocks as Influenced by 
Commercial Methods of Processing Seed and Oil 1 
MACK F. STANSBURY, VIDABELLE O. CIRINO, and HAROLD P. PASTOR, 
Southern Regional Research Laboratory, 2 New Orleans, Louisiana 

~ OAPSTOCK8 containing approximately 100 million 
pounds of anhydrous fat ty material are produced 
as a by-product in refining the  annual domestic 

production of cottonseed oil. The major outlets for 
this material are as a source of fat ty acids and pitch. 

1 Presen ted  at the 48th  A n n u a l  Meet ing of the Amer ican  Oil Chem- 
ists '  Society, New Orleans, La., Api:i l  28 -~ Iay  1, 1957. 

One of the laborator ies  of the Southern  Ut i l i za t ion  Research a n d  
Development  Divis ion ,  Agr i cu l t u r a l  Research Service, U. S. D e p a r t m e n t  
of Agr icu l tu re .  

In recent years increasing amounts of soapstocks have 
been used as a plasticizer i n  pelleting oilseed meals 
and as a source of fat in mixed feeds. 

No systematic study of the composition of acidu- 
lated soapstocks as related to processing conditions 
and refining methods has been reported. In fact, rela- 
tively little information on their composition is avail- 
able (3, 8, 9, 13, 20). The trend toward replacement 
of hydraulic pressiug methods with screw-pressing, 


