
44 T H E  J O U g N A L  OF T H E  A M E R I C A N  0 I L  C H E M I S T S  ~ SOCIETY 

14. Polya, ft. B., and Tardew, P. L., Anal. Chem., 23, 1036 (1951).  
15. l~ichards, l~. E., and Burton, ~V. R., Trans. Faraday Soc., 45. 

874 (1949).  
16. Richards, t~. E., and Thompson, n .  w. ,  J. Chem. Soc., I947, 

1248. 
17. l~oth, tt . ,  and Schuster, Ph., iVlicrochim. Acta., 6, 837 (1957).  
18. Siggia, S., and Stahl, C. I~., Anal. Chem., 27, 550 (1955).  

19. Soloway, S., and Lipschitz, A., ibid., 24, 898 (1952).  
20. Spell, It .  L., and Eddy, R. D., ibid., 33, 1811 (1961).  
21. Spoerri, P. E., ibid., 30, 1327 (1958).  
22. Wimer, D. C., ibid., 30, 77 (1958).  

[ l~ece ived  J u n e  16, 1961]  

VOL. 39 

Plant Scale Comparisons 
Methods for Cottonseed 

of Various 
Oil 

Refining 

G. C. CAVANAGH, Research Department, Ranchers Cotton Oil, Fresno, California 

Three different refining processes were commercially 
compared by processing 15~148 metric tons of eotton.-:eed 
with free fat ty acid content varying" between 7.1% and 
8.9%. All of the seed was prepressed and solvent ex- 
tracted in the Sanbra plant at Bauru, Brazil. The Ranchers 
~{iseella refining process operating on seed averaging 
8.8% F.F.A. yielded more oil of lighter color per ton of 
seed processed than either of the other processes compared, 
even though the average F.Y.A. of the seed processed dur- 
ing the Ranchers Miseella Refining test averaged 1.7% 
higher than the seed used in the Sanbra process and 1.1% 
higher than the average F.F.A. for the seed used in the 
Low Loss Refining test. 

In another comparison, screw pressed oil, Modified Soda 
Ash refined was compared to Ranchers Miscella refining 
with seed containing about 0.5% F.F.A. The results 
showed 42% lower refining loss and a color of 3.5 Red 
Lovibond units less for Ranchers Miseella refined oil than 
for Modified Soda Ash refined oil. 

The average cost of converting crude cottonseed oil to 
prime bleaehable sunmler yellow oil by the miscella re- 
fining process described is 20.8r per hundred weight of 
oil (not including' refining loss). These costs include the 
prorated cost of control laboratory~ plant labor and super- 
vision, fuel, power, chemicals, depreciation, taxes and 
insurance. 

O F THE commercially significant edible vegetable 
oils processed, one of the most difficult to re- 
fine with respect to color removal is cottonseed 

oil (12). Vegetable oil refiners, processing cotton- 
seed oil or similar highly pigmented oils by conven- 
tional methods, continuously compromise between high 
refining loss result ing f rom the use of s trong caustic 
on the one hand and highly colored oils which meet 
with consumer resistance on the other. I~e-refining 
and bleaching may improve the color of the product  
but  these processes add to the product ion cost, de- 
crease the yield of finished product  and contribute 
to the instabil i ty of the finished product  (1,8). 

In  Apr i l  1956 a paper  was presented before the 
A.O.C.S. describing a new integrated nfiscella re- 
fining process for  edible oils (2). E. M. James  favor- 
ably reported on miseella refining in Apri l  1957 in a 
paper  comparing various refining methods (10). An 
acetone miscella refining process was described in the 
March 1961 J.A.O.C.S. (15). The advantages  of 
l ighter color and greater  yields of excellent quali ty 
finished oil per ton of source mater ial  are real and 
demonstrable when oil is immediately  miseella refined 
subsequent to solve extraction with the exclusion of 
air and light (2). 

This repor t  presents plant  refining data comparing 
four  different refining processes operat ing on cotton- 
seed oil of moderate ly  high and very  low free f a t ty  
acid content. The refining methods compared are 
Ranchers  Miscella, Low Loss, Modified Soda Ash, and 
Sanbra.  (Sanbra  is the Brazil ian affiliate of Bunge.)  

Description of Refining Processes 

Ranchers Miscella Refining Process actually starts 
with the cooking of the meats and cousists of the fol- 
lowing steps: 1) Conditioning meats to contain 10- 
12c/c moisture at cooker discharge ; 2) adding granular  
soda ash to the cooked nleats to control the F.F.A.  of 
the crude oil within desired lindts (3 ) ;  :3) batehing 
crude 509~ miscella in make-up tanks. (Two tanks 
make eontiuuous operation possible.) 4) Continuously 
adding 8 ~ to 20 ~ B6 eaustie soda through a rotometer 
into the suction side of the single crude miscella pump  ; 
5) int imately contracting the dilute caustic with the 
crude nfiscella in an homogenizer (4) ; 6) heating the 
miscella to cause the soapstoek to melt ;  7) cooling the 
miseella to form a two-phase system for  centr i fugal  
separat ion (5 ) ,  8) separat ion of refined nfiseella and 
soapstoek in vapor  t ight  tubular  bowl eentrifuges. 
9) Soapstock containing approximate ly  15 % by weight 
of hexane lnay be desolventized in commercially avail- 
able equipment and subsequently proeessed as ordi- 
na ry  caustic soapstock, or if the F.F.A.  of the erude 
oil does not exeeed 3r and eeonomic conditions war- 
rant,  it may be added to the solvent-wet meal f rom the 
extractor  with decidedly benefieial results to the qual- 
i ty of the meal (9). 10) The refined miseella niay be 
contacted with a soap removing acid wash (6) or, in 
some instances, filtering through diatomaceous earth in 
a totally enclosed filer is p refer red  to water  washing. 
Oils miseella refined according to the above proeedure 
are very light in color. I f  bleaching is desired, bleach- 
ing earth ean be subst i tuted for the diatomaceous 
ear th in the filter press and colors as light as required 
can be obtained with v i r tua l ly  no loss of oil in the 
filter clay. 11) I f  winterization is desired, this can 
be very  effectively done in solvent at this stage of 
processing. Continuous separat ion of the stearine in 
valve operated disk type centr ifuge gives about 87% 
yield of 20 hr. cold test cottonseed salad oil and 13% 
of 73 Iodine Value stearine. 12) Solvent is recovered 
in conventional equipment with the decided advantage 
that  the distillation equipmeut  operat ing on refined 
miseella never  has to be cleaned. Ranehers  Miseella 
Refinery and winterizer are preferably  located in the 
solvent extraction plant  so that  the same opera tor (s )  
eontrol all phases of the solvent extraction, refin- 
ing, winterizing, solvent recovery, and deodorization 
processes. 

The Low Loss process is a two stage refining proeess 
usually followed by double water  washing to remove 
soap. The crude oil is first conditioned by admixture  
with 0.1% of citric or orthophosphorie acid. In  the 
neutralization stage the conditioned oil is heated to 
150~ and then a stoichiometric amouut  of caustic 
soda is added to the oil and the resultant  soapstock 
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centr i fugal ly  separated. A color removal step using 
a small amount  of s trong caustic soda follows the 
initial soapstock removal step. This refining method 
is extensively used in So~th America  and par ts  of 
Europe.  

Modified Soda Ash process is similar to the Low 
Loss process, the main differences being that  the acid 
conditioning step is eliminated and a 250% excess of 
20 ~ B6 soda ash is used in the initial neutralization 
stage instead of a stoichiometric amount  of caustic 
soda. Briefly described, the Modified Soda Ash proc- 
ess consists of the following steps: 1) A continuous 
s t ream of crude oil, heated to approximate ly  140~ 
is admixed with about 2.5 times the theoretical amount  
of 20 ~ B6 soda ash required to neutralize the free 
f a t t y  acid in the oil, and this mixture  is fu r the r  
heated to about 200~ 2) The soapstock and coagu- 
lated gums are centr i fugal ly  separated. On oils of 
2% or higher F.F.A.  it is common practice to intro- 
duce a degassing tank for  release of carbon dioxide 
between the heater and the p r i m a ry  centrifugals.  3) 
The par t ia l ly  refined dark  oil is cooled to abont 100~ 
and mixed continuously with a small amount of 20 ~  
40 ~ B6 caustic soda solution, the oil-caustic mix is 
agitated, heated to 160-180~ and then centr i fugal ly  
separated. 4) Final ly  the oil is washed once or twice 
with water,  vacuum dried, and sent to storage. The 
details of this process are well known and are ade- 
quately described in the l i terature  (10, 13, 14, 1, 7, 11). 

The Sanbra  process is an experimental  process which 
was used in South America  as a basis for  comparison 
between Low Loss and Ranchers Miseella Refining 
processes. 

The Sanbra  process is described as a double neu- 
tral izat ion process in which the crude miscella is first 
degummed with a stoiehiometric amount  of caustic 
soda-soda ash solution at room temperature ,  followed 
by centrifug~ation. In  the second step the miscella is 
violently agitated with a small amount  of concentrated 
caustic soda solution, heated to 40~ and centrifuged. 

The Sanbra  process and the Ranchers Miseella Re- 
fining process were both carried out in the same re- 
finery at Bauru,  Brazil. The caustic soda miscella 
mixture  was not agitated in an homogenizer in the 
Sanbra  process. 

Essential ly the Sanbra  process is the Low I,oss 
process carried out in approximate ly  50% coueentra- 
tion miscella. 

E x p e r i m e n t a l  

Moderately high free f a t t y  acid seed were processed 
and refined in the Sanbra  prepress solvent extraction 
plant  in Bauru ,  by the Low Loss, Sanbra,  and 
Ranchers  Miscella Refining processes. This plant  has 
a capaci ty  of approxinlately 250 nletric tons of cotton- 
seed per  24 hr. The miscella refinery has a capaci ty 
of 150,000 pounds of refined oil per  24 hr. day. Table 
I shows the weight and analysis of the seed processed 
dur ing  the various tr ial  runs. I t  is apparen t  f rom 
these data that  the seed processed dur ing  the Ranchers  
Miscella Refining test was 4% higher in moisture and 
over 1% higher in F.F.A.  than the seed processed by 
the other two refining methods. 

Table I [  compares the oil yields and refining data  
of the three refining methods in lb. per short ton. 
The total oil per  ton of seed was calculated f rom 
the analysis in Table I. The yield of crude oil per 
ton was calculated f rom the weight and analysis of 
residual oil in the meal and hulls. The refined oil 
was weighed and refining loss was determined f rom 

T A B L E  I 

Seed Analysis  

Ref in ing  method 

Low Loss No. 1 .............. 
Low Loss No. 2 .............. 
Low Loss No. 3 .............. 

Sanbra  ............................... 

Ranchers  No. 1 ................ 
Ranchers  No. 2 ................ 

,:'Vietric tons 
of seed 

5130.834 
2419.355 
2521.781 

10071.970 

858.426 

1706.363 
2511.652 

4218.015 

_ _ _ _ _ _ M ~  F.F.A.  t 

9.7 8.0 
10.5 7.4 
10.2 / 7.4 / 
10.0 7.7 

10.2 7.1 

11.0 8.7 
16,7 8.9 

Hexane 
soluble 

(oil)  

(%) 
15.84 
15.75 
15,56 

15.75 

15.53 

16.29 
15.58 

15.87 

the calculated weight of crude oil and the actual 
weight of refined oil. Because the soda ash added to 
the cooked meats in the Ranchers Miscella Refining 
Method neutralized 1.34% of the F.F.A.  in the crude 
oil, the refining loss factor  in all cases was determined 
by dividing the refining loss by the F.F.A.  in the 
seed. 

Using the refining loss factors  f rom Table I I  and 
assuming 8% F.F.A.  and a yield of 300 lb. of crude 
oil per ton of seed, then the Low Loss refining process 

T A B L E  I I  

Oil Yields and Ref in ing  Data  

Yield 

Low Loss No. 1 ..... 
Low Loss No. 2 ...... 
Low Loss No. 3 ..... 

Sanbra  ..................... 

Ranchers  No. 1 ....... 
Ranchers  No. 2 ....... 

Total o i l /  
ton seed 

(lb.) 
316.8 
315.0 
311.2 

315.0 

310.6 

325.8 
311.6 

317.3 

Crude o i l /  
ion seed 

309.6 
309.2 
296.2 

~ T  
304.0 
320.4 

305.8 

R,'fined o i l /  
ton seed 

(lb.) 
256.8 
262.2 
252.4 

257.0 

261.8 

271.8 
259.4 

264.4 

Ref in ing  
lOSS 

(%) 
17.05 
15.20 
14.79 

13.88 

15.17 
15.17 

15.17 

Ref. loss 
factor 

2.13 
2.05 
2.00 

2.08 

1.95 

1.74 
1.70 

1.72 

would yield 250.0 lb. of refined oil per ton of seed; 
the Sanbra  process would yield 253.2 lb. and Ranchers 
Miseella Process would yield 258.7 lb. 

Table I I I  compares the once refined oil color, 
bleached color, and soap in refined oil. The average 
Lovibond red color was 12.6 Low Loss, 12.8 Sanbra,  
and 13.5 Ranchers Miseella. Soap in refined oil: Low 
Loss 3388 P.P.M., Sanbra  1710 P.P.M., and Ranchers 
388 P.P.M. In  a soap removing step, bleaching earth 
at 0.61% of the weight of the oil gave 6.5 Red color 
for  Low Loss; 0.02% of the weight of the oil gave 9.2 
Red for  Sanbra ;  and 0.30% of the weight of the oil 
gave 5.9 Red for Ranchers Miscella. 

In  a second test, Modified Soda Ash refining was 
compared to Ranchers  Miseclla refining on seed of 

T A B L E  I I I  

Oil Color and Soap Data 

Low Loss No. 1 ................ 
Low Loss No. 2 ................ 
Low Loss No. 3 ................ 

Sanbra  ................................ 

Ranchers  No. 1 ................. 
Ranchers  No. 2 ................. 

Lovibond 
cOl~lref .  

~.4 
1.7 
3.7 

2.6 

2.8 

3.5 
3.6 

Soap in 
refined 

oil 

(ppm.) 
3225 
2580 
4495 

3 3 8 8  

1710 

60O 
244 

388 

Lovibond 
color oil 

(bleached) 

5.3 
7.4 
8.2 

6.5 

9.2 

5.5 
6.2 

5.9 

Bleaching 
earth 
used 

(% wt. oil) 
0.45 
0.44 
1.09 

0.61 

0.02 

0.25 
0.34 

0.30 
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T A B L E  V I  
Oil Color and Soap Da ta  

Lovibond 
color 

, ref. o i l  

t[ (Red) 
Modified Soda Ash ....................... I 7.8 
I~a~chers ~Iiscella ......................... ! 4.3 

VoL. 39 

Soap i n [  F.F.A. ] AOCS 
refined refined I bleach o l /oiA_, I co,or 
@pro.) I (%) I (n~d) 

6.0 ] 0.06 / 2.1 
2.0 / 0.02 / 1.~ 

very  low free f a t ty  acid content grown within a 150 
mi. radius  of Fresno, California. The Modified Soda 
Ash refining was done on screw pressed oil. The 
Ranchers  Miscella refhfing was done on prepressed 
solvent extracted crude. Al though the seed was grown 
in the same area and the analysis in Table I V  shows 
them to be quite similar, the difference in processing 
methods impar ts  a variable not present  in the eonl- 
parisons shown in Table I I  and I I [  where all the 
seed was processed in the same extract ion plant.  

I t  would have been desirable to compare the Modified 
Soda Ash process with the Ranchers Miscella process 
on seed with F.F.A.  content similar to that  encoun- 
tered in the Sanbra  plant  in Bauru,  Brazil. I t  will 
be obvious to the reader,  however, that  dur ing  coin- 

T A B L E  I V  
Seed Anal:r 

. Hcxane  
Mmstur~  F.F.A. soluble (oil)  

Modified Soda ~ s h  .......................... 8.3 0.55 18.61 
Ranchers  Miseella ............................ [ 9.7 [ 0.47 I 18.42 

inertial  p lant  comparisons involving over 15,000 
metric tons of seed in South America and about 23,000 
short  tons of seed in Fresno, California, very  little 
control can be exercised over the quali ty and grade 
of the source material .  

Table V shows the total  amount  of oil in the seed; 
the amount  of crude oil per  ton of seed was calculated 
f rom the weight and analysis of meM and hulls pro- 
duced. The refined oil per ton of seed was the actual 
weighed amount.  In  the case of the Modified Soda 
Ash refining process, the 324.2 lb. yield is in lb. of 
7.8 Red bleachable pr ime summer  yellow oil per  ton 
of seed. In  the Ranchers  Miseella process, yield is in 
lb. of winterized and deodorized salad oil of 1.2 Red, 

T A B L E  V 
Oil Yiehls and Ref in ing  Data 

Total  Crude Refined . ,  ~ - ,~ , 
i l  ~ "  n " 1 " "  i f i . .  i v . e r ~ n l r t ~  r t e i .  L o s s  

o / 1 o  O1 / l o n  o / I o n  �9 , .  ~ i a - 

I seed seed seed ;os~ , ~aeror 

Modified Soda Ash ....... / 374.2 / 337.6 [ 324.2 ( 3.96 i 7.2 
Ranche r sMisce l l a  ........ 1 368.4 | 355.1 / 347.0* / 2.29 1 4.9 

* Inc ludes  deodorizat ion loss. 

and deodorized stearine with an average of 1.4 Red. 
The A.O.N. stabil i ty of the salad oil averages 19-20 
hr. without  the use of anti-oxidants. The 347.0 lb. 
yield of finished oil includes deodorization loss. The 
actual  refining loss with the Ranchers  Miscella proc- 
ess was 42.2% less than the Modified Soda Ash re- 
fining method under  the conditions of this eoutparison. 
The refining loss factors  of both processes are rela- 
t ively high, due to the low F.F.A.  content of the oil 
in the seed and moderate ly  high gum content of the 
oil. 

Assuming a 350 lb. yield of crude oil for  both 
processes and 0.50% F.F.A.  content in the seed, and 
assuming all other processing conditions to be the 
same, then the yield of P B S Y  per ton of seed for the 
Modified Soda Ash process would be (Refining Loss = 
.50% F.F.A.  • 7.2 = 3.60%) 337.4 lb. 

Using the same formula,  the yield of finished win- 
terized and deodorized salad oil and deodorized 

* By Brom Phenol  Blue  T i t r a t ion  Method. 

stearine per  ton of seed for the Ranchers Miscella 
process would be (R.L. = 0.50% F.F.A.  • 4.9 = 
2.45%) 341.4 lb. Of this total, 293.6 lb. would be 
salad oil, and 47.8 lb. would be deodorized stearine. 

Table V I I  compares the Gas Liquid Chromato 
graphic analysis of screw pressed crude oil, 5fodified 
Soda Ash refined oil, and the total f a t ty  acids in the 
soda ash soapstock with the preprcssed-solvent ex- 
t racted crude oil, miscella refined oil, and total f a t t y  
acids in the nliscella caustic soapstock. A six ft. 
column of Diethylene Glycol Suceinate was used for  
all analysis, t empera ture  of the eolmnn 215~ He- 
l imn Gas was used as carr ier  at flow rate of 60 ml. 
per  minute.  The tr iglyeerides were methylated with 
sodium methoxide as a catalyst. 

The data presented in Table V I I  indicate that  crude 

T A B L E  V I I  
GLC Fa t ty  Acid Composit ion of Oil and Soapstock 

I Myrist ie  
i 

Screw-pressed ( % ) 
crude oil ...................... I 1.2 

Screw-pressed I 
M,S.X. refined ............. 1.1 

T.F.A. f rom [ 
),I.S.A. soap ................. I 0.6 

T.F.A. front 
caustic soap ................. 1.0 

Prepressed I 
s rude oil ...................... ] 1.0 

~[iscella refined 
oil ............................... 1.0 

T.F.A. f rom miscella 
refined soap ................. ~ 0.8 

I Palmitir I St*arie I 

28.0 1.9 

26.1 1.5 

25.8 1.9 

29.6 2.3 

26.2 1.6 

26.4 1.8 

28.1 2.1 

OIeie Linoleie  

(~7~) (%)  
17.5 50.6 

17.1 54.1 

19.6 52.2 

26.8 39.5 

16.9 54.3 

17.1 53.3 

21.5 47.6 

and refined oils of quite similar f a t t y  acid eOlUposi- 
tion are produced by the two different extraction and 
refining methods f rom seed of similar analysis. An 
appreciable difference in the linoleie and oleie acid 
in the T.F.A. of the caustic soapstocks is observed 
between the two refining methods. This difference is 
significant and is presented to encourage fu r the r  in- 
vestigation in this area. 
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