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l C/c or less, as is the aim in present  industrial  solvent 
extraction of cottonseed. The capaci ty of the extrac- 
tor wonld thus probahly  be doubled since the last 
3 or 4% of oil in tlakes is removed during the diffu- 
sion stage, the. most lengthy, difficult, and expensive 
part  of the extraction. The weak miseella f rom the 
differential settling process containing the 3 or 4% 
oil eouhl then be used in place of solvent in the sol- 
vent extraction plato.  The result ing savings could bc 
applied to the cost of the differential settling process 
when emnbined with an existing solvent extraction 
installation. The enhanced value of the meal obtained 
by  the use of the combined i)rocess shouht result  in 
addit ional  economic gain. 

The second possible commercial  process is one in 
which undefat ted  flakes would be fed directly to the 
disintegrator.  Af ter  the usual disintegration, settling, 
an(l product  recovery steps, the emerging meal con- 
taining 6 to 10% oil eonht be. extracted by soh'ent- 
washing, lhe meal recovered by eentrifugation,  and 
the oil and solvent recovered in the con v e n t i o u a l  
maimer.  Fresh solvent would be used on this meal 
pernl i t t ing efficient extraction, and the result ing rots- 
cella could in tnrn  be nsed in prepar ing  the s lurry  
for the original disintegration. 

Summary and Conclusions 
A fra(,tionation process termed "di f ferent ia l  set- 

t l i n g "  has been developed to produce a cottonseed 
meal subslant ia l ly  free of oil, pigme.nt glands, and 
hulls from either defal ted or undefat ted  flakes. The 
development of the process was initiated dur ing the 
work on a mixed solvent flotation method of fraetion- 
ation whMl showed several inherent  disadvantages.  
The investigation of the flotation melhod had shown 
that  cottonseed meal essentially p igmen t -g l and - f r ee  
( g o s s y p o l  eontent as low as 0.0(16cA) had a high 
mltr i t ional  value and was a source of protein for  
industr ial  uses. The meal produced by  the differen- 
iial settling l)rocess has as low a gossvl)ol., eontent as 
the nteal produced by  the. flotation principle and 
overcomes the disadvantages.  

The advanlages  of the differential settling process 
are as follows: 1. ] t  requires only one solvent and  
is more readily adaptable  to present  soIvent-extrae- 
lion plants  than a process using mixed solvents-- the  
preferred soh'ent, commer(,ial hexane, is commonly 
used ill pract ical ly all vegetable oil solvent-extraction 
plants, and is nmeh cheaper and less toxic than the 

high specific gravi ty  solvents, such as tetraehlorethyl-  
ene, used in the mixed-solvent method;  2. fraction- 
ation of solvents and control of sI)eeific gravi ty  is 
el iminated;  3. I)ower consumption for  the disintegra- 
tion and eentr i fugat ion steps is less since a l ighter 
weight s lur ry  is used; 4. less total heat and lower 
tempera tures  are required in desoh'entizing both the 
oil and meal, therel)y decreasing the possibility of 
darkening the oil and denatur ing the protein of the. 
meal ;  and 5. the time required for the separation of 
the s lur ry  into the fine meal suspension and sediment 
is considerably less than re(luired for  the separation 
of glands f rom the meal fract ion in the nfixed-solvent 
flotation process. 

Two methods, c e n t r i f u g a l  and tube settling, of 
the differential settling process have been developed 
which show promise for  commercial s e p a r a t i o n  of 
the eonlponenls of cottonseed, nanlely meal, t)igment 
glands, hulls and oil. Removal of the pigment glands 
f rom the coarse fract ion or sedinlent will depend on 
pharmaceut ica l  or other uses developed. 

Commercial  possibilities of using the differential 
settling process in combination with present ('otton- 
seed soh'ent-extraction processes have been outlined. 
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Studies on Condelillo Wox. i. Its n-Acids and n-Alcohols 
H. A. SCHUETTE and J. G. BALDINUS, University of Wisconsin, Madison, Wis. 

D E S P I T E  its wide technological use candelilla 
wax has not been very intensively investigated. 
A need exists for  a re-examination of published 

work- -some of it  could profi tably be reviewed, partic- 
ularly the s ta tement  that  it contains a lactone (6) .... 
and the appl icat ion of some of the newer analyt ical  
techniques to the prohhml of filling some of the obvi- 
ous gaps in our knowledge of the composition of this 
substance. That  which folh)ws is the first of several 
eomnmnications in which are repor ted  results of such 
a study. 

This plant  wax eovers the entire snrfae, e of sev- 
eral speeies of Euphorbiaeeae,  Pedila.nlhus pavo nis 
and Euphorbia cerifera--the lat ter  is probably  E. 
aMisyphilitica (4) of an earlier d a y - - t h a t  grow in 
the semiarid regions of northern Mexico and south- 
ern Texas. In form they are leafless, reed-like stems, 
one to three feet high and f rom one-eighth to five- 
sixteenths inch in diameter.  Sometimes as many  as 
100 of these spring f rom a single root. The plants 
grow without benefit of cultivation, intersperse(t with 
other desert flora, and nmst be harvested by hand. 
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They y M d  approximate ly  3.5% of their  weight in 
wax which can be reeovered by simply immersing the 
l)lant in boiling water  and removing the melted wax, 
which floats to the surface, either before or a f ter  it 
has eollgealed. 

Our present  knowledge of the constitution of can- 
delilla wax comes ahnost entirely f rom the investiga- 
tions of Chibnall arr(:t associates (3). In  the light of 
X - r a y  and mel t ing-poin t  evidence result ing f rom a 
s tudy of the whole acid an(l alcohol f raei ions respec- 
t:ively they suggested that  the Cao, C:~, and C:,4 homo- 
h)gues al:)l)arently comt)ose the former  and that  the 
lat ter  eonsists of either a b inary  mixture  of the Cue 
and (732 individuals or a t e rna ry  mixture  of these 
plus the ( ' : ,  alcohol. Sanders (8), p robab ly  unaware 
of the possibility of having at hand a mixture,  has 
reported, without support ing evidence, the presence 
herein of an alcohol which he described as the myr-  
ieyl form. 

:Experimental 
CharaclerL~lics. The regular  a r tMe  of commerce* 

was used for this study. Its principal  t)hysieal and 
chemical constants were determined by  eonventional 
procedures except that  the resistance of this wax to 
saponification made necessary c e r t a i n  modifications 
whieh did not however affect the general  t)rinciple 
of the method. For  example, ethylene glyeol proved 
to t)e the only reliable medimn in which to car ry  out 
hydrolysis of this wax;  arrd acid numbers  were deter- 
mined by  t i t ra t ing a benzene solution of the sample 
with an alcoholic solution of potassium hydroxide.  

Analysis revealed that  the c h a r a c t e r i s t i c s  were 
within the general limits of those rel)orted by  others 
(5). They are:  melt ing point 69-71~ saponification 
number  49; aeid number  19; iodine number  (Wijs)  
32.8; hydroxyl  number  17.5; f a t ty  acids 20.7~ ; un- 
sal)onifable mat te r  74.6%. 

Isolalion of Acids and Alcohols. Tire wax, mixed 
with solid potas,uium hydroxide, was dissolved in a 
boiling solution of benzene and ethyl alcohol. Lit t le 
or no sai)onification was apI)arent. Solid bar ium chlo- 
ride was then added. The result ing curd of bar ium 
salts of the free f a t ly  acids, admixed with unsaponi- 
fled wax esters and other substances, was removed, 
dried, and exhausted with petroleum ether (60-68 ~ 
in a Soxhlet extractor.  The ether extract,  after" re- 
moval of the solvent, yielded a green residue of par- 
affins. The paraff in-free b a r i u m  salt mixture  was 
deeomi)osed with hydrochloric acid solution and the 
resulting mixture  of wax esters and f a t t y  acids was 
saponified with an ethylene glycol sodium hydroxide 
solution. The result ing sodium soaps were then eorr- 
verted to bar ium soaps as before which, a f ter  des- 
ieeation, were extracted with benzene in order to 
remove alcohols. F inal ly  the acids were regelwrated 
in the usual manner.  

By the above described method there were obtained 
three distinct f ract ions:  paraffins, alcohols, and acids. 
The fact  that  no free a l c o h o l s  were found in the 
f r s t  petroleum-ether  extract  suggests the possibility 
of their existence here in the esterified ra ther  than 
in the free fo rm and that  tire presence of hydrox- 
ylated compounds is i n d i c a t e d  by  the appreciable  
hydroxyl  number  of this wax. Contr ibut ive to the 
success of the method was in all p robabi l i ty  the high 
content of free f a t ty  acids which, as ba r ium soaps, 
gave to the whole mass a loose, porous s t ructure  thus 

* F u r n i s h e d  by S. C. Johnson  and Son ine.. Racine,  Wisconsin.  

permit t ing extrael ion of tim t)araflins and making for 
retention of the wax esters. 

Candelilla wax is p robab ly  unique in y ie ld ing  to 
this procedure.  Whether  or not it is one that  can be 
recommended as a general metho(t of at tack on other 
waxes containing paraffins poses a question the arr- 
swer to which requires fu r ther  study. 

Analysis of Acid Fraction. The acids were given 
a p re l iminary  t rea tment  with methanol and sulfuric 
acid and a final one with diazomethane (1) to ensure 
a quant i ta t ive  conversion to methyl  esters. They were 
white, erystall ine,  and without iodine number.  Frac-  
tional disti l lation was made with a Fenske type elec- 
tr ically heated, helix-packed, 12 by  530-1ran. colulnn. 
The still head and condenser also were electrically 
heated. 

Examina t ion  of the distillation fract ions showed 
that  none were b inary  mixtures  (Table I) as deter- 
mined by  the solidification-point method (9). Eaeh 
fraction, a f te r  saponification, was eorrverted to ba- 
r ium soaps f rom which, a f t e r  extract ion with ben- 
zene, the acids were r e c o v e r e d .  Their  molecular 
weights were determined by t i t rat ion of their  ben- 
zene solutions with alcoholic potassium h y d r o x i d e  
solution. 

TAP, I,E [ 

Analysis  of Candcl ina  Vtax A('ids 

Methyl  esters  

I 
Weight  

Frac t ion  g. 

1 ........................... ] 1.2 
2 ........................... '1 4.2 
3 . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 2.4 
4 ........................... ' 2.8 
:::::::::::::::::::::::::::: 12.0 

Residue ................ 23.2'~ 

Total  .................. ". I 27.8 

Boiling 
point  
r a n g e  

(0.1 ram. 
1t~.) o(!, 

195-200 
200-207 
209-215 
2 r5 .21~  
22o-228 
228-246 

Acids 

Moh,eu- B 
l a r  spa~ing 

weight  

4541 76:;8 
465 76.3 
467 74.6 
4~.1 79.5 
495 77.56 

499 8O.6 

Composi- 
t ion 
Cn 

28-{-30d-32 
28-{-30-{-32 
30-}-32-t-34 
30-{-32-~-34 
30-~-32d-34 
30-t-32-{-34 

30-I-';2-t-34 

X- ray  analysis for B spaeings were made of the 
acid mixtures  which had been crystallized f rom very 
dilute benzene solution. P roper  crystal  s t r u c t u r e  
could only be obtained when the solvent was allowed 
to evaporate  s p o n t a n e o u s l y  at room temperature .  
Powder l)hotographs (F igure  1) were taken with a 
General Electr ic  X R D  unit,  using iron i rradiat ion 
with a manganese dioxide filter. Two-hour exposures 
were made. 

Acids der ived  f rom ester  m ix tu r e  I 
76.3 A 

FIG.  3. P o w d e r  p h o t o g r a p h  o f  f a t t y  a c i d  m i x t u r e .  

A n a l y s i s  of Alcohol Fraction. A phthalic acid 
t rea tment  (2) of the whole f ract ion indicated tile 
absence of secondary alcohols. Af te r  f ract ional  dis- 
tillation (Table  1i) the alcohol mixtures  were oxi- 
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dized to tile corresponding acids with chromic oxide 
in glacial acetic acid medium. The result ing crude 
acid mixtures  were purified via the bar imn salt route, 
a f te r  which molecular weights and B spacings werc 
determined as described above. 

T A B L E  II 

.Xnalysis o f  Candeli l la  Wax  Alcohols 

Alcohols 

Weight  
lYraction , g. 

i 
i 

........................... i 1 ,1  

ii)?i!ii}!iiii}i!?i iiii?i!i " 

4.8 
3.1 
2.6 
2.1 

R e s i d u e  . . . . . . . . . . . . . . . .  I 3 . 0  
i 

Tolal .................... J 2( 2 

Boi l ing  
poin t  
r ange  Moleeu- 

(o.1 ram. far  
i.i ~i.) , , 'eight 

198-207 
210-215 458 
215-224 469 
224-23O 472 
2.30-2:37 470 
2,t0-243 .177 
245-2(i0 .188 

-lg6 

A c i d s  

B 
S pa~'i hi!" 

70.9 
76.~/ 
76..3 
76.~1 
76.3 
80.5 
80.5 

80.5 

Composi- 
"~ion 
(!a 

28-{-30-1-32 
2S+:~0+'~2 
.30- 4 3 2 + 3 4  
.31t+32 d-.34 
.3o I .324 34 
.30-1-.32 +.34 
3o-~ 32--34 

3o4-.32~-:34 

~S'earch f o r  a Lactone.  The wax was r e p e a t e d l y  
e x t r a c t e d  with 9 5 ~  ethyl alcohol mltil a residue 
(m.p.  89-90 ~ ) was obtained. 15nder similar condi- 
tions Meyer an(t Soyka (6) obtained a product  which 
melted at 88~ The resi(lue obtained in this stud), 
when saponified with an ethylene glycol solution of 
potassium hydroxide yielded two fractions, one of 
whieh was acidic, the other alcoholic. [3oth proved 
to be i(lentieal with the alcohol and acid fract ions 
isolated f rom this wax by  other methods and identi- 
fied by X- ray  analysis. The " l a c t o n e "  therefore was 
in reali ty a mixture of wax esters and free fa t ty  
acids. 

Discuss ion  of  Resul t s  
The generalizations made by  the Piper-Chibnal l  

group (7) were used to i n t e r I ) r e t  the X-ray  data. 
Per t inent  to the problenl in hand are the following: 
The 13 spacing of the highest lnelting acid in a ter- 
na ry  mixture will appear  ah)ne if this acid eonstitutes 
20~ or more of the whole. I f  however the hmgest 
chain constitutes 10% or less of the whole the spac- 
ing will be near  that  of the intermediate chain. The 
molecular weight alone shows that  Fract ions 1 and 2 
(Table I1) contain the C._,s acid. That  the C.~._, acid 
comprises more than 20% of these fractions is evi- 
denced by  the appearance  of its spacing, which is 
76.3 for the pure  compound. The remaining fractions 
contain the Ca,,, C~._,, and C:,+ acids, the spacing de- 
l)ending upon the quant i ty  of the latter.  

S u m m a r y  
A method has been d e s c r i b e d  for separat ing the 

constituents of can(lelilla wax into three fractions, 
viz., paraffins, acids, and a l c o h o l s .  To the list of 
acids and alcohols reported by  others as constituents 
of lifts wax may now be added the ('2~ individuals. 
The presence of the (~,,,,, (':~, and C:~ homologues of 
both eompomlds has been confirmed. All are of the 
'n-type. Not eollfirmed however was the alleged pres- 
ence of a laetone. 
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Solvent Extraction of Rice Bran. Production of B-Vitamin 
Concentrate and Oil by Isopropanol Extraction 
W. W. MEINKE, BRYANT R. HOLLAND, and W. D. HARRIS, Texas Engineering 
Experiment Station, College Station, Tex. 

ABSTRACT 
Freshly milled rice bran  was extracted with hot 91 

and 95% isopropanol to obtain the oil, sugars, and 
a considerable portion of tile I3-eomplex vitamins. 
Af te r  concentration of the m i c e l l a  a sugar-syrul )  
phase separated from the oil. This syrup phase con- 
tained most of the extracted vitamins. Yields of oil 
and syrup  were observed and vi tamin assays lna(le 
on the syrup  and on the b ran  before and a f te r  ex- 
traction. The vitamins measured were biotin, folio 
aeid, riboflavin, l)antothenie acid, t)yridoxine, thia- 
nfin, niacin, and inositol. 

I n t r o d u c t i o n  

R I C E  bran  is a valuable hy-prodnet  of the rice 
milling indust ry  which is now poorly utilized. 
It  contains generous quantit ies of most of the 

B-vi tamins and froln 12 to 20% oil. The quant i ty  

1The  s tudy reported llercin was made possible by a ~ ran t  to t h e  
T e x a s  A. & M. Research Foundat ion ,  College Stat ion,  Texas, f rom the 
R i v e r  B r a n d s  Rice Mills in(:.. Houston,  Tex. 

2 Presented at the ,10th a n n u a l  meet ing  of the American Oil Chem- 
ists '  Society, New Orleans, La., May lO-12, 1949. 

of oil awfilable ammal ly  in tile [hilled States f rom 
this source is approximate ly  30 million pounds (1). 
This oil is quite bland and shonhl he valuable for  
edible purposes. 

The bran is subject  to a rapid  deter iorat ion af ter  
milling, due to its finely divided state and to the 
great  activity of the hydrolyt ic  enzymes in split t ing 
the fals. The oil also becomes rancid and makes the 
product  unpalatable  as a feed. Another  objection to 
the bran  is the tendency of the oil to produce soft 
pork when fed to swine (2, 3). These undesirable 
propert ies could be eliminated by extract ing the oil 
f rom the b ran  immediately a f te r  milling. 

Feuge et al. (1) have demonstra ted lhat  rice b ran  
oil extracted by  hexane can be refined to a high grade 
edible product.  A disadvantage however is the diffi- 
culty of prevent ing fa t ty  acid increase and a result- 
ing high oil-refining loss. Cohnan (4) has prepared  a 
vi tamin B concentrate from rice b ran  by extract ing 
the oil with 99% isopropanol and re-extracting the 
b ran  several times with 40% isopropanol. The con- 


