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T A B L E  ]1; 

lr  Detector Responses of Fa t ty  Methyl Es te rs  

l l e tec tor  responBe8 

Compound Area/inch!,  lgm A re.a/gram, 
Rw 

(A) (2 
( l . 0 0 o )  1 4 ( l . 0 9 0 )  

1.160 165.2 0,954 
1,30 I 185.3 0.909 
J .467 208.9 0.891 
1.619 230.5 0.869 
1.773 252.6 0.854 
1.927 274.6 0.840 

'~ Extral)olated.  

Ac knowl e dgm e n t  
The au thors  are indebted to S. T. l ' r e s ton  and  J o h n  

Mark  of  t'<)dbie/ldak lrle. for  rnaking awtilable the gas 

Methyl  (-apro~t te ................................... 
Metbyl eapryla te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Methyl eapra te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Methyl laura te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Methyl myr i s ta te  ................................. 
Methyl pa lmi ta l e  '~ ................................ 
Methyl stearate" .................................. 

ehro lna tograph  orl which these measurements  were 
made. 
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Extraction of Soybean and Cottonseed Oil by Four Solvents 
LIONEL K. ARNOLD and R. BASU ROY CHOUDHURY, Iowa Engineering Experiment Station, 
Iowa State University of Science and Technology, Ames, Iowa 

" ~  TAmOUS S O l , V E N T S  have been bolh slu(lied and use<l 
(.omnterebtlly for  the solveld extract ion of vege- 

V t a b l e  oils. l~enzol (tlenzene) has heell popular  
ill Europe .  E thy l  ah,<>hol has b(,en used ill Asia largely  
t/eeause of its really availall i l i ly and hlw ('(>st. In 
the l;ni(etl States  the solvenls connnonly llSe(I are 
I)etr<>h,uni fractions,  ma in ly  the hexalw fract ion.  The 
contmon lnethtl(I of detl, rlnilfing this f ract ion by its 
boiling' I)(lint (h)es not necessari ly eslablish its cht, nli- 
cal conlpositilln. Tile conlnlercial l)ro(hlct nlay con- 
tain as low as (i()~fi or as high as 8~% n-hexane. () ther  
const i tuents  cOlllnlonly t)resenl are inelhy] eyc.lopen- 
tall(,, me thy l  pentanes,  and [)(,nzene. l , i t th '  <>r no da ta  
are available showing the effect of these nonhexane 
const i tuents  on the solubi l i ty  of vegetable oils or on 
the <tuality of the oil ext rac ted  by them. 

Studies  were made on the rate of extra(:tion <)f 
soybeans and cottonseed wi th  pure  hexane, pure  ben- 
zene, and two varieties of commercial  hexane comlnonly 
used in oil extract ion.  Composi t ion da t a  on the three 
hexanes  are shown ill Table I. The benzene was " r e -  

TA:BLE l: 

C o m p o s i t i o n  of the '%lexanes"  a_.-Anleunts in Volume Percentages  

H i g h  Commer- 
Cons t i tuents  P u r e  p u r i t y  eial 

N - t t e x a n e  ...................................... 
Methyl  cyclopentane . . . . . . . . . . . . . . . . . . . . . .  
2-Methyl pen tane  ........................... 
3-Methyl pen tane  ........................... 
2- and 3 Methyl pentanes  .............. 
2 ,2-Dimett lyl  bu tane  ...................... 
2 ,4-Dimethyl  pen tane  .................... 
2 ,3-Dimethyl  bu tane  ...................... 
Cycle hexane ................................. 
B e n z e n e  ......................................... 

99.5 
0.0 
0.0 
0.0 
0.0 
O.O 
O.0 
0.0 
0.4 

~ 0 . 0 0 1  

88.4 
7.6 
0 . 0  
0 . 0  
3.0 
0.3 
0.7 
0.O 
O.O 

~ 0 . 0 O l  

59.7 
22.4 

5.4 
11.3 

O.O 
0.O 
O.O 
0.3 
0.9 
0.0 

" H e x a n e s  a n d  their  composi t ion da ta  suppl ied  by Phi l l ips  Pet ro leum 
C )mpany. 

a g e n t "  grade.  Cracked soybeans con ta in ing  7 to 8% 
mois ture  were heated to 160~ and  rolled into flakes 
wi th  an  average  thickness of 16 mils. The ext rac t ions  

1 Presen ted  at  the 51st  a n n u a l  sp r ing  meeting,  Amer ican  Oil Chemists '  
Society, Dallas,  Tex., Apr i l  3-6,  1960.  

were ('arri(,(I out  in ]abora tory- ra ie  exlrac(ion al)l)ara- 
tus s imilar  to tha t  used ill previous  s i t , l ies  in this 
l abora to ry  (1),  except somewhat  larger.  The extrac-  
t ion chandler  was 12 ill. h igh by 2 ill. ill (limneter 
alh)wiEg the use of 100-gram salni)les. Th(' extrac-  
tion chalnher and till' incoming solvent were heated 
|t) 135 to 140 ~ F. The solvent passe/l tllrou~xh the flake~ 
at a rail, Ilrt)ducing 10 nil. per  minuh,  of nliseella. 
Samples  were taken at 10-minute interwils. The sol- 
v e t l t  W a S  e v a ] ) o t ' a t e d  f r O l l l  e a c h  f r a c t i o n  I l l l ( ] e r  v a l , l l U l l l  

and the oil weighed. The residual  oil cont(,l~t of each 
sample was deter lnined ill Soxhlet  ai l l /aratus using 
the solvent d ra ined  froln the sample ill the ra te  ex- 
t r ac to r  as the ex t rac t ing  solvent. Cottonseed meats 
were ext rac ted  in a similar  manner .  Results  for  both 
are shown ill Table I I .  

Composites of the oil a l iquots  f rom each complete 
extract ion were examined for  qua l i ty  with the results  

T A B L E  I I  

Ex t rac t ion  Da ta  

Ex t rac t ion  
t ime in  

m in. 

Soybean 10 
oil 20 

3O 
4O 

50 
60 
70 
8O 

Cottonseed 10 
oil 20 

3O 
40 
50 

60 
7O 
80 
90 

100 

Res idua l  extractable oil, % of o r ig ina l  a 

omm ~r- " H i g h  
:.iaI" p u r i t y "  
eXall 2 hexane 

69.5 69.5 
45.2 47.4 
29.7 32.4 
19.7 21.4 

12.8 13.8 
8.0 8.7 
4.8 5.0 
3.0 2.8 

82.8 79.5 
63.6 63.7 
48.0 47.4 
35.4 34.8 
26.1 25.4 

19.0 18.8 
13.6 13.5 

9.8 9.8 
7.1 7.2 
5.1 5.1 

" P u r e "  
h e x a n e  

73.6 
53.7 
38.9 
27.1 

20.2 
14.2 
10.0 

7.0 

80.5 
6 1 . 4  
46.3 
34.6 
25.3 

18.5 
13.5 

9.9 
7.2 
5.3 

Bexlzeno 

64.8 
39.9 
25.5 
15.8 

11.2 
8.5 
7.0 
6.2 

82.8 
65.8 
50.6 
37.1 
28.6 

20.7 
14,8 
10.6 

7.7 
5.7 

" Or ig ina l  oil content  of the flakes, 19 .08% (dry  bas i s ) .  A res idua l  
e x t r a c t a b l e  oil of 3 .0% would be equ iva len t  to 0 .7% of the d r y  e x t r a c t e d  
meal. 
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TABLE I I I  

Quality of Oil Extracted by the Four Solvcnts 

Soybean oil 
F.F.A., % ........................ 
Neutral oil, % .................. 
Color ................................ 

Cottonseed oil 
F.F.A., % ........................ 
Neutral oil, % .................. 
Color ................................ 

" C o m m e r -  
c i a l "  

h e x a n e  

1.4 
94.9 
46.8 

2.8 
91.9 

319.6 

"/-Iig-h 
purity" 
hexane 

1.3 
94.l 
47.I 

2.6 
91.4 

225.8 

"Pure" 
hexane 

0.7 
94.7 
4].3 

1.1 
92.3 

342.1 

Benzene 

0.9 
90.8 
58.2 

1.0 
93.6 

477.5 

summarized in Table I [ [ .  Free fa t ty  acid content 
was determined by the A.O.C.S. official method (2a) .  
Color was determined by the A.O.C.S. tentative pho- 
tometrie nlethod (2b) and neutral  oil by the A.O.C.S. 
tentative chromatographic method (2c) .  

Extract ion of soybeans by pure hexanc was slower 
than by the  o the r  two hexanes .  D u r i n g  the f irst  60 
m i n u t e s  e x t r a c t i o n  by  benzene was more  r a p i d  t h a n  
by the  o the r  solvents.  A t  the  end of 80 m i n u t e s  the  
amount  of oil extracted by benzene was only  sl ightly 

more than by pure hexane and definitely less than by 
the eommereial  hexanes. The rate of extraction of cot- 
tonseed was practical ly the same for the four solvents. 

On the basis of free fat ty  acids and color the best 
quality soybean oil was extracted by pure hexane. 
The benzene-extracted oil had the lowest neutral  oil 
content and highest  color. Pure  hexane produced a 
cottonseed oil exceeded in color only by that extracted 
by benzene. The best colored oil was produced by the 
high purity  hexane. Apparent ly  there is little choice 
between the two commercial  hexanes for soybean oil 
extraction. A lighter colored cottonseed oil was pro- 
duced by the "h igh  pur i ty"  hexane. These results do 
not necessarily apply to extraction at other temper- 
atures tharl 135 to 140~ range nor to extraction car- 
ried out  u n d e r  d i f f e ren t  condi t ions .  
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�9 F a t s  a n d  O i l s  
(~IIROM ATOGILAPII IC ~%TU1)IES ON 'l'til,~ (3OMt'O~I!(~I(~N ()F' COM MI,'lC(~IAI, 
SAMPLES ()lO TlClOLE1N-I x~ AND ObEIC ACID-IU% AND TIlE DISTRI- 
llllq~ION I)F qxl|E bABEL iN HUMAN SEICUM LIPIDS FOLI,OWIN(~ ORAL 
AI)MINISTRATION OF THESIS; LII'll)S. (:~. L a k s h n f i n a r a y a n a ,  1 o. A. 
Kruger ,  l). (L Cornwell,  and  J.  B. Brown (Ohio S t a t e  Univ . ) .  
Arch.  Bioeh.em. Biophys .  88, 318-327 (1960) .  T r io le in -F  :n and 
oleie aeid-iY 't ( '  ' R a o l e i n "  and  ' ' Raoleie a c i d , "  A b b o t t )  were 
c h r o m a t e g r a p h e d  on a s t a n d a r d i z e d  si l ieic  ac id  column. Trio- 
lein-l ' :" wns found  to conta in  me thy l  es ters  a nd  tri-, di-, and  
monoglycer ides  of labeled oleic acid. Gas ch romatograph ic ,  
in frared  spec t rographic ,  and e.bemieal a w dys e s  confirmed the 
presenc(~ of these components.  The r ad ioac t i v i t y  d i s t r ibu t ion  
showed a h)wer p ropor t ion  of t r i g lyee r ides  t h a n  did chemical  
analysis .  F e l l o w i n g  oral  a d m i n i s t r a t i o n  of t r io le in-I  TM or 
oleie a c i d - l ' "  to normal  ind iv idua l s ,  the eh romateg ra l )h i e  frae- 
t ionat i tm of the serum l ip ids  showed t h a t  about  90% of the 
r ad ioac t i v i t y  was in the t r i g lyce r ide  f rac t ion  qnd the remainder  
was most ly  in the d ig lycer ide  and non-esterified f a t t y  :,rid 
f rac t ions .  

iN~EUTR.()N ACTIVATION PAPEK cIIaOMATO(]KAPHIC ANALYSIS OF 
PHOSI'IIAT1DES IN MAMMALIAN CEI,I, VItACTIONS. U. H. St l ' ickland 
and  A. A, Benson (P(.,mtsylwtnia S ta te  Univ. ) .  Arch.  Bioeh:'m. 
BiophBs. 88, 344--348 (1960) .  l ) i phospha t idy lg lyee ro I  (eardio-  
l i p in )  was found  in the mi toehondr i a  of a number  of cell frac-  
tions. I t s  concent ra t ion  was es t ima ted  by neu t ron  ac t iva t ion  
ch roma tog raph i c  ana lys i s  of the tlen(:ylated der iva t ive ,  1,3-di- 
g lycerophosphory lg lycero l .  Mier[)somes cen ta incd  l i t t l e  or none 
of th is  l ipid.  The d i s t r i bu t ions  of the other g lycerol  phospha- 
t ides  in  mi tochondr i a  and  mierosomes were s imi lar .  A possible 
func t iona l  role for  d iphospha t idy lg lycc ro l  is discussed. 

EDIRLE PATS AND PP~OCESS FOR. ~AKING SAME. 1{. Wissel)ae]l 
(Lever  Bros.  Co.). U. S. 2,942,98~. A na tu r a l  f a t  such as pahn  
oil, shea bu t te r ,  la.rd, beef  t:dlow, or mut ton  ta l low is f ract ion-  
a l ly  c rys t a l l i zed  so as to ob ta in  a l iquid fr:~ction hav ing  :t soften- 
ing  po in t  below 30~ The l iqu id  is then hyd roge nn t e d  to give 
a f a t  h a v i n g  an iodine value  in the range  of 50 to 65, a soften- 
i ng  po in t  in the r ange  of 30~ to 45~ and a d i l a t a t i on  at  
20~ of not  less than  1200. 

D~F~ING SOLUTION FOIl, OOLOKING CITIeU.% FR, UVPg AND MF/PlI(}D O~ 
l)u elTR,US FR,IrlTS. H. J .  Kel le r  (Clearwate r ,  7Fla.). U. S. 
2,943,943. An anna t t o  de r iva t ive  is dissolved in  a hydrocarbon  

solwmt,  oleic acid,  mtd an amine ( the  :reline be ing  presen t  in 
:it ]east e(lual amoun t s  ill relatim~ to tlm oh,ie a c id ) .  The mix- 
ture  is enllt lsified with water ,  nmin t a ined  a t  :t pill between 7 and 
1'3, and  app l i ed  to the skin of e i t rus  f r u i t s  to dye them. 

I)KOCE,~,S ~,oa NI,HVPR.AI.IZIN(I VD~I,YPA|~I,E 0;% ANIMAl. 01I,S ()R ~'ATF, 
IN A WA'FEFL-SOLI!Ir SG, LVI,]NT. (~,. V:~('carino and  (]. Vaeear ino  
(Messina ,  I t a l y ) .  11. N..J,94t,07.~,. Vegetable  aml an ima l  oils 
aml  f a t s  are  dissolw.d in a solw,nt miseilflv in all p ropor t ions  
u i th  both water  alld the f a t s  and oils. The solut ion is t r ea t ed  
~ ith sodium or po ta s s ium hydroxide  or ca rbona te  un t i l  neutra l i -  
za t ion ef  the oils and  f ' d s  is eomph!te, l l o t  wa te r  is added  and 
the two immiseildc, l iqu id  phases thus  ol) ta ined are  s e p a r a t e d  
The solvent  is remow,d :l/ld the neut ra l ized  oils aml  f a t s  are  
rol lected.  The so lwmt-f ree  aqueous phase,  which is a solut ion of 
simp aml water -se luble  i /npuri t ies ,  is d iscarded.  

M.\YONNAlSl4; PRODII(VI ~ ANI) METliOI) O1: MANUI:ACrPUR,E. ,l. Q. 
Sui tzer ,  I,. S. Nasarevieh ,  ,I. I,. I ,ange, and II. S. Bond i  (Car te r  
l ' roduets ,  Inc . ) .  U. S. 2,9.t.1,906. A nl;~ytmnaise-like product, of 
rel : t t ively low cah)ric content  is an oil in water  enmls ion  in which 
the oil phase dispersed th roughou t  t]m cont i tmous  water  phase 
consis ts  of edible  oil drople ts  ;it a ( 'oneel l t ra t ion of 5.0 to 30c/r 
by weight  of the to ta l  eomposi t ien.  The emulsion "dso conta ins  
:in egg yolk con t a in ing  ma te r i a l  (I  to  7% by  weigh t ) ,  an 
:+eidifying ngen t  (0. i to 1.5% by weight  based on pttre acid 
c (mtent ) ,  a. s t i f f  gum (0.5 to 2.5% t)y w e i g h t ) ,  an(t a pre(iomi- 
mint  amoun t  of  wttter. 

~OI,VI~ ]~'01:~ ]#AtP AND OIL AN92IOXII)ANTS. ~ ,  B. Knowles  and  
II .  S. P r i d g e n  ( E n s t n m n  K o d a k  C o . ) .  U. S. :~,9.i4,:)08. A 
liqL~id n n t i o x i d a n t  for  add i t ion  to f a t s  and  f a t t y  oils conta ins  
as the act ive  cons t i t uen t  5 to 50% of a phenolic ant ioxid . ,n t .  
The solvent  consis ts  of f rom 10 to 95 p a r t s  by  we igh t  of an 
aeet ic  acid es ter  of g lycer ine  out of a tot :d  ef  10 to 164 pa r t s  
I)y we igh t  of solvent.  

I)tr )'0lr LURP~ICATING AND ]>Ir THE COHESION OF 
TF, XTH,E HI~E~S. W. H. Shields and  H. T. Buekley ( E m e r y  Ind.,  
hm. ) .  U. S. 2,944,920. A tex t i l e  d ress ing  cons is ts  of 5% to 
50% polymor ized  f a t t y  acid compoun(l (po lymer ized  f a t t y  
acids,  po lymer ized  es ters  of f a t t y  acids  and monohydr ie  alco- 
hols of up to 8 carbon atmns,  or po lymers  of po lymer ized  f a t t y  
:,cids and  d ihyd r i e  alcohols of  up to 8 carbon a toms  chain 
l eng th )  and  95% to 50% of an oily di luent .  This  d i luen t  may  
be an animal ,  vege tab le ,  or mine ra l  oil, a l iqu id  f a t t y  acid or 
a l iquid  ester  of a f a t t y  acid. 


