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Foreword 

L AST year  the American Oil Chemists '  Soc.iety, 
a f te r  consideration of several means of encourag- 

ing and promot ing interest  in all phases of vegetable 
oils and fats, decided to present  a general review 
course ill collaboration with the Universi ty of Illinois 

at Urbana.  The response 
was highly grat i fying,  and 
the 117 students who at- 
tended w e r e  e n t h u s i a s t i c  
a b o u t  the  c o n s t r u c t i v e  
lectures which were pre- 
sented by  a u t h o r i t i e s  in 
the indus t ry  arid the ex- 
cellent facilities and enter- 
ta imnent  provided by  the 
university.  The l e c t u r e s  
were la ter  p u b l i s h e d  in 
p lanographed b o o k  f o r m  
by  the u n i v e r s i t y  under  
the editorial supervision of 
Prof.  T. S. Hami l ton  and 
R. K. Newton of the uni- 
versi ty and I~. T. Milner, 
president  of the, Society. 

J. P. Harris This year  171 students 
e n r o l l e d  for  the course, 

and again the excellent I)rogram was enthusiastically 
received. Without  remunerat ion and at  their  own 
expense the lecturers made a splendid contr ibution 
to the Society and to the industries which it serves. 
Subject  mat te r  included all edible fats  and broad- 
ened the scope of the information offered by  the short 
courses. Especial  credit  is due to A. R. Baldwin, edi- 
tor of the Journal ,  and the Journa l  staff for  their  
work in p repa r ing  the mater ia l  for  publication. 

The Educat ion  Committee is p roud  to present  the 
lectures herewith as a contr ibution to the field of 
fats  and oils. Reprints  of the proceedings will be 
available. 

J.  P. HARRIS, chairman. 
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Address of Welcome 
] l i E  dean of l , m w r s l t v  l'~xtension, especially since 
_L at this inst i tut ion he is also the deart of the Sum- 

mer Session, becomes, ex-ofIicio, an official greeter  of 
many  groups who appear  on our campus for  short 
courses, institutes, workshops, and conferences. There 
are many  of these, and lie 
is in danger  of becoming 
tri te and p e r f u n c t o r y  in 
his performance.  Af ter  all, 
there is a l imit  to the vari-  
ations that  ('.an be played 
upon but  one string. How- 
ever [ m u s t  acknowledge 
that  l approach this par-  
t i tu la r  address of welcome 
with delight for  we have 
seldom been hosts to as ap- 
preciat ive a group, with as 
ready a willingness to be 
cooperative and to express 
gra t i tude  for  the pains to 
which the members  of our 
staff go to provide a suc- 
cessful, useful, and educa- 
tional p rogram,  as the oil B.B. Browne 
chemis ts .  Consequently I 
can say with genuine sincerity that  you are nlost 
welcome; we are all glad to see you here again. 

I cannot forego speaking of this univers i ty  with 
some pride. When our forebears  came to this con- 
tinent, not for  the sake of empire and exploitation, 
but  to beat  a wilderness into submission, to settle 
and to raise the insti tutions and to pract ice the arts  
of civilization, of all their  achievements perhaps  the 
most splendid are the American universities. I t  was 
no accident tha t  for  the free society of free men which 
they sought in the new world, they recognized the 
indispensable element to be education. I t  is a fas- 
cinating story tha t  tells of the d e v e l o p m e n t  of a 
universal  system of poImlar  education for  all the 
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ch i ld ren  of a l l  the people ,  free,  eoml)ulsory,  and  tax-  
s u p p o r t e d ,  wi th  the  r e s p o n s i b i l i t y  res t ing  with  ti le 
several  states,  thai  is to say,  wi th  the people  them- 
selves.  F o r  the  first  t ime  in h i s to ry  a whole na t ion  
was to bc educa ted ,  a v e n t u r e  in to  un ive r sa l  eduea-  
t ion not  f o u n d  e lsewhere  at t ha t  t ime.  Tiffs is one (>f 
the  g rand - sca l e  ideas,  and  it is, perhaI)s ,  the  un ique ly  
A m c r i e a n  idea  abou t  A m e r i c a .  I t  ha(l become c lear  
tha t ,  as Jc f fe rson  said,  if a people  expeete(l  to be 
bo th  i g n o r a n t  and  free,  t hcy  expec ted  wha t  never  
was, and  never  will  be. 

I invi te  y o u r  a t t e n t i o n  to tha t  m a r l  Thomas  ,Jeffer- 
son. I have come to hold the  opin ion  t ha t  he is our  
forclnost  Amer i ean ,  and  I say  this  wi th  no wish to 
be l i t t l e  the  noble ,  aus te re  W a s h i n g t o n  or  the  I)at ient ,  
k i n d l y  Lincoln.  But  it was Jef ferson,  to whom, more 
than to any other, wc owe our debt for  t i le ideology 
of Americ, anism.  It was Jef fe rson  who gave us the 
r i n g i n g  d e c l a r a t i o n  tha t  m a n  was cndowcd  by  his 
( ' r e a t o r  wi th  ce r t a in  n a t u r a l  r ights ,  which ne i the r  he 
nor  anyone  else eouhl  a l i e n a t e ;  t ha t  all men are  cr(,- 
a t ed  equal  and  are  e n t i t l e d  lo life,  l i be r ty ,  and  the 
l )u rsu i t  of hal) l ) iness;  tha i  for  Ill(' sake of m a k i n g  
secure  these r igh t s  g o v e r n m e n t s  a re  i n s t i t u t ed  among  
men,  i t e r iv ing  the i r  j u s t  powcrs  f rom the consent of 
the  governe(t .  These are  magn i f i cen t  eoneepts  and  a re  
w o r t h y  of our  j ea lous  devot ion.  I tow much of the  
w o r M ' s  m i s e r y  could be foregone if m a n k i n d  ev(,ry- 
where  couhl aeeel)t t l lenl!  

()he of the g r e a t  sho r t comings  in my  O'Wll early 
sr was that of g e l l i n g  to know .lcfferson so 
l i t t le .  ] was introduced hy my teachers to Washing- 
ton although I rrltlSt confess he remained to me SOlllC- 
t h i n g  of a m a r b l e  s t a tuc  (m a pedes ta l .  I (',amc to feel 
ahnos t  an ac tua l  a q u a i n t a n e e  with  IAne, ohl as a warm,  
h m n a n  be ing  of high n o b i l i t y  and  g rea |ness .  But Je f -  
f e rN(Hi  v c a s  l l e V e r  nlll(~}l lnore than  a eolh,,,ti(in of IIH- 

i n s p i r i n g  f a r t s  ill the  h i s to ry  book. It was much  l a t e r  
t ha t  I l e a rned  how deep ly  ] was ill his debt ,  and  how 
versa t i l e  a gcnius  he was. Tha t  he was the  f a t h e r  of 
Amerie.an a r ch i t ec tu re ,  and  of seientif ie  a g r i c u l t u r e  
in Amer ica ,  a r e spec t ab l e  mus ie ian ,  and  philosoI)her,  
is i l l u s t r a t ive  of th is  lasl .  But  he was also, ill a real  
sense, the  f a t h e r  of tile A m e r i c a n  sehool systcm. 

You are  t o d a y  on the campus  of one of A m e r i c a ' s  
ve ry  good univers i t ies .  I t  is one of our s ta te  univcrs i -  
t ics,  whieh arc  caps tones  of our  s ta te  sys tems of pub-  
lie schools. I t  has beeomc a ve ry  la rge  and {.omph'x 
en t e rp r i s e  with a d i s t i ngu i she d  t :aeul ty and  a s tuden t  
body  tha t  comes f rom all over  the worl(t. [ wish to 
express  the hope tha t  you men m a y  have a fee l ing  of 
becoming  pa r t  of the  l l l in i  f a m i l y  and  m a y  gain,  in 
some measure ,  a sense of a t t a e h m c n t  to the. I Tniversi ty 
<,f I l l ino is ;  not the same loya l ty  you kccp for  the <'ol- 
leo'e or  u n i v e r s i t y  of you r  own y e a r s  of s tudy ,  b u t  
nonetheless  a ( .ertain in te res t  in this  ins t i tu t ion .  I 
('all vouch for  y o u r  doing  this  w i thou t  apology and 
w i | h  p r i d e  for  it  is no mean mf ivers i iy .  

The p r o g r a m  tha t  has been p l a m w d  coopera t ive ly  
wi th  you r  t,,ommitice a p p c a r s  to be a good one. I 
wouht  be most remiss  if I d id  not acknowledge  my 
grat i indc to Prof. Toln S. l l am i l t on  of the ('ollege of 
A g r i c u l t u r e ,  who ( 'ar r ies  the m a j o r  r e s p o n s i b i l i t y  for 
ore" p a r t  in the  su(,e, ess of th is  COllrsc. Then to(> I 
should  like to t h a n k  m y  own re l i ab le  l i eu tenan i ,  Rob- 
er t  K. Newton,  who is t i re less  ill his a t t en t ion  to the 
t housand  de ta i l s  of s ehedu l ing  and  o p e r a t i n g  this  
shor t  (.oursc. I hopc you find y o u r  s tay  here as r 
fo r t ah le  as our  genu ine  p r a i r i c  s m m n e r  will  p e r m i t  
and  tha t  you will  g(i away  wi th  fee l ings  ot" satisfa(,- 
ti(m at  havim,, a t t emled .  F o r  our  p a r t  wc el joy  y o u r  
v is i t  with us a n d  l r u s t  tha i  vou will  wan t  to eonae 
again .  

R. B. Bmlwxt: .  
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Some Economic Aspects of the Edible Fats Industries 
ALLEN B. PAUL, University of Illinois, Urbona, Illinois 

T I I E  I>resent <tiscussion is concerned with three re- 
lated toi)ics in the edible fats in<lustries: recent 
product ion trends, competitive relationshillS be- 

tween animal and vegetable fats, and some general 
eeon(>nfic and technoh)gi<.al inlerrelationships.  

Part 1. Recent Production Trends 
The edible fats  eeononly 

of the United States is in 
high gear. In 1948 I)roduc- 
lion of food fats  was 7.4 
billion pounds, the largest  
since the record levels of 
1943 and 1944 when 8.1 
and 7.8 billion pounds, re- 
spectively, were produced. 
The 1948 production was 
14~ higher than the 1937- 
41 average. (This coin- 
pares with a human popu- 
lation increase of o n l y  
9%). 

The uI)swing in food fat  
])rodu(-tion continues. The 
first th i rd  of 1949 showed 
a 20% inerease over tile 
first third of 1948. The 

A. B. Paul calendar 3'ear outt)ut for 
1949 wouhl set a record if 

it is nmintained at more than 10% over 1948. Pros- 
I)ects for this (lepend largely upon the <.urrent pro- 
duction (If hogs. cottonsee<l, and s(>ybeans. These crops 
will furnish the major  supplies of food fats in the, 
last qlmrter  of 1949. With lhe 15~ , increase in the 
spring pig crop and the 14% increase in the co(ion 
aereage, a new record may be set. 

The 1!148 increase in food fats over 1947 resulted 
front increased suI)plies of vegetable oils ( largely cot- 
tonseed and soybean) that  more than offset decrease(1 
supplies of animal fats  ( largely lard and bu t te r ) .  

P r o d u c t  

Table I. Tile reverse situation al)pears to be develot)- 
ing in 1949; l)ro(luetion of the animal fats  I)robably 
will inerease relatively more. This si tuation wouht 
intensify the alrea(ty weakened eonq)etitive positi(ms 
<)f aninlal fats. This ln 'obh'm will be examined now 
in grea ter  detail. 

Part 2. Competitive Relationships Between 
Animal  and Vegetable Fats 

An imi)or |ant  developnwnt in the foot1 fats indus- 
t ry  is the weakened market  position of aninlal fats  in 
relation to vegetable fats. Imr(l sells for less relative 
tl) shortenings under  a given SUl)t)ly si tuation than it 
former ly  did. The sanle thing al)l)lies to but te r  in 
comparison with margarine.  In both eases users '  
preferences have changed in favor  of vegetable fats. 
This presents a serious l)roblem for the farm pro- 
(hlcers and I)rocessors of lard and but ler .  Let us 
exanline some of the evidence of the changes. 

A. Lard cs. Shortcnings. (!omlnercial bakers as a 
~ronl) prefer  shortelfings. Census data show this fa<,t 
in !he I923-1939 period, Table I I. I;se ot' slmrtenings 
hy bakeries increased substanl ia l ly  in tit(, 17-year pe- 
rio(l, but  the use of lard (lid not. The change in favor  
(3f shortenings did not occur in resl)oFme to relatively 
cheaper shortenil)g I)rices: sortie(hint <)(her than 
l)riees <.ause(1 the challge. The Drice of lard and short- 
enings used hy bakers were about  file same in 1923. 
1929. 1931, an(1 1937 1)ut the quantit ies (>f shortenings 
relative to lard they used eonsistently in(,reased. The 
quant i ty  ratios were 0.4, 1.0, 1.1. and 2.5, respectively. 
Similarly.  the 1927 and 1935 price rati<)s were equiva- 
lent, but  the quant i ty  ratio increased front 1.3 t(i 2.4. 
Thus with given price relationships, bakers increased 
their  use of shortenings. 

The reverse situation is also true. "With constant 
( 'onsmnption ratios bakers oai(l increasingly more for  
shortenings relative to lar<t. For  exalnDle, the 1927 
and 1939 eonsunlI>tion ratios were nearly alike, bu|  
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Sho r t en ings  and  L a r d  Used by B a k e r i e s  
Ave rage  Pr ices  Pa id ,  1923-1939 

Million P o u n d s  ~ Cents P e r  P o u n d  S h o r t e n i n g - L a r d  Ratio 

Y e a r  

1923 
1925 
1927 
1929 
1931 
1933  
1935 
1937 
1939 

Short-  
c u i n g  L a r d  

118 271 

I 259 2Ol 
285 '279 
282 257 

394 162 
465 185 
�9 t 2 0  290 

Short-  
e n i n g  L a r d  

13.0 13.6 

13.0 14.6 
12.5 12.2 

9.2 8.8 

12.1 13.5 
11.9 12.0 

9.9 7.9 

Q u a n t i t y  P r i c e  

.4 1 .O 

1.0 1.0 
1.1 1.0 

2.5 1.0 
1.4 1.2 

Based  on Census  of M a n u f a c t u r e s  da ta .  1 A d j u s t e d  for  sample  
v a r i a t i on .  

the price ratio increased f rom 0.9 to 1.2. The data 
arc insufficient to work out ei ther the mathematical  
increase in this demand for  shortenings or (what  un- 
doubtedly  is the case) the decreased rate of substi tu- 
tion within the period. 

I t  appears  that  increased preference for shorten- 
ings by bakers has two aspects. The first is the greater  
increase ill production of bakery  products  that  nor- 
mal ly  require shortenings over those that  normal ly  
require la rd--e .g ,  cakes relative to breads. The sec- 
ond is the displacement,  wholly or in part ,  of lard by  
shortcnings in bakery  formulas.  

A second set of evidence of the dcterioratcd nmrket  
position of lard  is shown in an analysis of the over-all 
I:. S. marke t  for  lard and shortcnings. When annual  
shortening-lard consumption ratios a r e  p l o t t e d  
against  corresponding price ratios, two distinct sub- 
st i tution curves are suggested (F igure  1). One curve 
fits the 1935-41 observations, the other fits the 1921- 
26 observations. The intervening observations suggest 
a consistent t ransi t ion f rom one average position to 
the next. (The substi tution curve traces out the 
alnount of change in consumption ratios associated 
with a uni t  change in price ra t ios - -shown by  the 
slope of the curve.) Two impor tant  facts are evident 
in F igure  1. First ,  the price position of shortenings 
relative to lard has progressively improved dur ing 
the period. That  is, for  most consumption ratios the 
price of shortcnings relative to lard has moved to a 
higher level. Second, the substitutit)n between the 
two fats has decreased. Fa t  users do not switch read- 
ily f rom one product  to the other in response to a 
price inducement.  This fact  is indicated by  the in- 
creased slope of the 1935-41 curve:  a given change 
in price ratios is associated with a smaller change in 
consumption ratios in the 1935-41 ])cried than in the 
1921-26 period. 

We can now see an impor tan t  consequence of this 
change in p r e f e r e n c e  patterns.  When the supplies 
of one of the conli)eting fats  increase by  a given 
amonnt,  its price will decline more, relative to the 
other fat, than it would have declined in former  years. 
F rom this s tandpoint  the lard  indus t ry  suffers more 
than the shortening indus t ry  because the fo rmer  has 
little control over its production. La rd  is a by-produc t  
of pork production, and large supplies cannot  be 
avoided when prices arc low. The product ion of short- 
enings however is adjusted to the supplies of lard. 
This is the reason for  the low levels to which lard  
prices have dropped in some recent years. I t  is a seri- 
ous problem for  the lard industry.  

In  a sense this is a remarkable  development. The 
shortening indus t ry  developed in a market  cnviron- 

ment  in which lard called the turns  in supplies. But  
with these output  fluctuations it established itself as 
a more vigorous competitor,  price-wise, than lard. I t  
is a great  t r ibutc  to the effectiveness of fa t  technolo- 
gists and others who have been responsiblc. At the 
same time it ought to provide the stimulus needed to 
improve the market  position of lard. In  this fat  tech- 
nologists can play one of the key roles. 

B. But ter  vs. Margarine. Margar ine  improvcd its 
marke t  position relative to bu t te r  in recent post-war 
years. The consumption of margar ine  relative to but-  
ter increased substant ial ly in the past  two and onc- 
half  years compared with prc-war  while the mar-  
gar ine-but ter  price ratios tended to remain un- 
changed. Relatively short supplies of but ter  do not 

. _  1.6 o o " ~  1935.41 

1.2 o o ~ 

U.S. Shortening- Lard Consumption Ratio 
]4"IG. 1. Relationship between shortening and lard consump- 

tion and price ratios, 1921-41. 

sell at  any greater  p remium than did larger supI)lies 
of bu t t e r  in prc-war  years. This development sug- 
gests that  if per capita  but ter  supplies increase in the 
future ,  the price p remium for  bu t t e r  will decline. 
The incomes of bu t t e r  producers  and the price and 
income s t ructure  for  all dai ry  products  would be af- 
fected. I t  is for tunate  for  the da i ry  industry that  
more profitable markets  for bu t t e r f a t  deveh)ped in 
recent years for  other dairy 1)roducts requiring but- 
terfat .  This was the major  cause of the short supplies 
of but ter .  

I t  is impor tant  to note tha t  decreased supplies of 
bu t t e r  do not necessarily mean proport ionate  de- 
creased supplies of bu t te r fa t .  Bu t t e r f a t  consumption 
held up bet ter  than  bu t te r  consumption in recent 
years. Since margar ine  tends to compete with all 
forms of bu t t e r fa t  in the human diet, this explains 
in pa r t  the incomplete substi tut ion of increased mar-  
garine consumption for  decreased bu t t e r  consumption. 

Technologists p layed an impor tan t  role in making 
margar ine  more acceptable. Not the least of their  
accomplishments is the built-in device for coloring 
the product .  I t  is one of the effective ways of lessen- 
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ing the impact  of discr iminatory legislation on mar-  
garine consumption. I t  seems to this observer that  if 
improvement  in the eompetit ive position of bu t te r  is 
to come it  will be through product  improvement  and 
merchandising ra ther  than through regulat ing tile 
sale of the competing product  through legislation. 
These are the competit ive weapons the margar ine  and 
shortening industries have used successfully. 

Part 3. Some General and Technological 
Interrelationships 

Tile changed market  positions of animal and vege- 
table fats  presents only one of numerous interrela- 
tionships between economies and technology in the 
food fats  industry.  The general nature  of such inter- 
relationships are i l lustrated below. Two types are 
considered, a) those arising out of economic situa- 
tions, and b) those arising out of technological situa- 
tions. While the discussion applies to areas in which 
economics and technology are clearly related, the con- 
elusion should not be drawn that  most eeonomic 
problems can be solved through technological means. 

A. Economic Situations. Some economic 1)roblcms 
call for  technological solutions. ~ The economic prob- 
lem is revealed when 1. there is a lnarked change in 
the economic situation or 2. when we become dissat- 
isfied with a situation tha t  has existed for  some time. 
The rap id  deterioration of the price position of lard 
in the 1930's is an example of a changed economic 
situation. The relat ively low processing yields of cot- 
tonseed oil is an unsat isfactory situation that  has 
existed for m a n y  years. Perhaps  another  is the under-  
valuation of soybean oil in relation to other edible 
oils. Technological effort has been and is being ap- 
plied in these problem areas. The hope is to increase 
the re turns  per  uni t  by  improving yield or quality. 

Returns  f rom processing are also affected by  short- 
term marke t  price fluctuations. Industr ies  that  car ry  
heavy inventories are vulnerable to price declines, 
par t icu lar ly  if they have no sat isfactory method for  
shif t ing this risk. The solution may  lie largely out- 
side of the technologists '  sphere, bu t  not entirely. An 
important  result of technological improvement  in a 
product  is that  with proper  selling effort some degree 
of consumer allegiance can be secured for  it. This 
would enable the firm to get out f rom under  high cost 
inventories with a smaller decline in selling price 
than otherwise. Of course some industries are bet ter  
si tuated to benefit f rom this than  others. 

Another  set of economic problems is concerned with 
the lowering of costs. There are many  problems here 
but only one will be discussed-- the under-uti l izat ion 
of plant  and equ ipmen t - - a  serious economic problem 
for  the firm as well as for  society at large. One has 
only to note the large fluctuations in output  (short- 
term, seasonal, annual,  cyclical, and secular) of dif- 
ferent  industries to be aware of its magnitude.  In  
1.921 and 1923 the census collected data on excess 
capaci ty in manufac tur ing .  The typical  food indus- 
t ry  used only about  60% of its capaci ty  in these 
years ;  the range was 30% to 83%. Cottonseed mills 
repor ted 52% utilization of plants  in 1!)21, and 48% 
in 1923; margar ine  plants  reported 42% and 69% 
utilization. The situation in most years  would show 
substantial  underut i l izat ion in many  food industries. 

I This does not say that technological changes usually take place in 
a r e a s  of greatest economic need. This is an iniere.~ting, but separate 
problem. 

Under-uti l izat ion results f rom 1. flnetuations in ma- 
terials supply,  as i l lustrated by  the oilseed crushing 
and lard producing industr ies;  2. fluctuations ill de- 
mand, as i l lustrated by  the shortening and margar ine  
industr ies;  3. s t ructura l  readjustments ,  as i l lustrated 
by geographical  shifts in areas of supply  or modes 
of t ranspor ta t ion  (cottonseed, flaxseed, and the lard 
producing industries are good examples ) ;  4. obso- 
lescence of existing equipment  by  new methods. 

Under-uti l ization of p lant  and equipment  appears  
to be unavoidable in a free enterprise economy with 
advancing techniques, changing supplies, and chang- 
ing markets.  The role of the technologist in ful ler  
utilization of equipment  p robab ly  is restricted to his 
efforts to adap t  existing equipment  to new uses and 
to help in the design of equipment  and processes that  
have greater  fexibi l i ty .  

B. Technological Situativns. Technological situa- 
tions often call for  an economic appraisa l  of their  
consequences or of their  feasibilities. What  are tile 
economic consequences of the t rend to solvent 
processing of soybeans? To consumers it meant  110 
nlillion pounds addit ional  soybean oil was made avail- 
able f rom the :1947-48 crush than otherwise wou](1 
have been possible (the 61.0 lnillion bushels that  were 
processed in solvent plants  yielded 1.8 l)OUn(ls per 
bushel more oil than  yields obtained f rom ser(,w 
presses).  To fa rmers  it meant  a greater  re turn for 
the soybean crop. The greater  net value of l)roduct 
per bushel appears  to have been translated,  in part ,  
to fa rmers  through a grea ter  mill demand for beans. 
Evidence of this is that  screw plants  tend to greater  
idleness than solvent plants.  

To the soybean milling indust ry  it means readjnst-  
ments in output  among mills. Mill capaci ty has risen 
sharply  in post-war U. S. A. and the industry  will 
p robab ly  experience, more or less acutely, excess ea- 
I)aeity f rom time to time. In  what  manner  will a rel- 
atively short supply  of beans be dis t r ibuted among 
the mills? The answer depends largely upon the ill- 
teraetion of several economic variables. 

1. The avai labi l i ty  of beans in the supply  area nor- 
mally serving a mill will, in part ,  determine the vol- 
ume of its operations. Product ion of soybeans may 
not decrease un i formly  in all producing areas. 

2. The operat ing eosts per  bushel  may  behave dif- 
ferent ly  for  different mills with changes in volume. 
For  any given season tile quant i ty  of labor that  carl 
be t reated as an operat ing cost, and the quant i ty  that  
can be t reated as an overhead cost may  vary  from mill 
to mill. Labor  tha t  is hired for the season----or labor 
that  is hired p r imar i ly  for  another  company enter- 
prise such as a grain elevator or feed mi l l - - i s  in effect 
an overhead cost; labor  tha t  is hired and discharged 
in accordance with mill needs is an operat ing cost. 
The strongest competi tors for  beans will be those with 
a minimum amount  of var iable  labor  costs. Of course, 
this does not mean they will be the most profitable, 
or least unprofi table in the season. Profits depend 
upon the excess of revenue above total costs. 

3. The opt imum rate of extraction may  vary  with 
the season for  certain mills. Some mills may  have 
more leeway in adjus t ing  the rate than others. 

4. Other considerations involve the character  of the 
firms. In  an integrated firm the relationship between 
the output  of soybean mills and the next  stages of 
processing may  be a deciding factor. The financial 
position of the firm may be a factor.  



552 TIH.: JOWRNA1, OF THE AMERICAN (_)II, ('I1EMISTS' ~OCIETY, OCTOBER, 1949 

What  are the economic eOllseqllenees of a new prod- 
uet? For  exalnple, what effect will the new bland 
lard products  have upon lard prices and sales, and 
what effect upon the market  for shortenings? What 
effect will the widely discussed " b r e a d  sof teners"  
have upon the demand for lard and shor tenings:  
Time and space do not permit  sl)eeulation here about 
the economic eonsequence, s of these technological 
changes, but  it is desirable to under take  a systematie 
appraisal  of these t)roblems in view of their great 
importance. Incidental ly,  1 believe the possible dis- 
l)lal.enlent of shortenings or lard in bread by the use 
of softeners has been exaggerated by many  peol)le. 
In 1939. the eommereial baking industries reported 
the use of 767 million pounds of fats :  probably  not 
over 150 million pounds of this was used in bread, 
the remainder  in cakes, biscuits, pies. ete. If  there is 
to be a t)rofound effeet on the market  for fats, the 
possible changes in the la t ter  formulas  are the more 
important .  

The seeon(l general problem is to examine the eeo- 
heroic feasibil i ty of a proposed teehnologieal change. 
Should a firm install a new type of processing equip- 
men( ? Shouhl a firm i)roduce a new type of t)roduet ? 
Most problems will fall under  these headings. All we 
shall say about  the lat ter  is that  it ealls for a eareful 
s tudy of eosts, the market ,  and probably  some con- 
Slllller aeeel)tanee testing. 

The lIroblem of apprais ing the economi(; feasibili ty 
of dmnging  to new type of equipment  may be cx- 
phired. Will it 1lay? The apl)roaeh here appears  to 
be easy, but  the answer is by  no means easy. ( 'ah;u-  
l a t e  the expeeted increase in gross revenue per refit :  
f rom this snbtrae.t the exl)eeted operat ing eosts per  
unit. If  the remaining margin tinles the annual num- 
1)er of units produeed is enough to pay the ammal  
(.()st of the new equil)ment, the inveslment is eeonom- 
ieally feasible. The difficulties in obtaining an ae.eu- 
rate answer arise at three main 1)oints. 

First, the estimate of annual  volmne (if out lmt  calls 
for a careful  appraisal  of the suffieieney lit material  
supI)lics. Will f a rm  pro(luetion hold up to expected 
hwels ? Will new firms enter the field rapidly  to con> 
pete for  the supplies available to the plant ? Also the 
1)I'obable level of den(and for the product must be 
studied. If  the l)roduet has good substitutes,  how 
abundant  will be their  supplies? l low about the im- 
t)ae, t of I)rOsl)eetive eonsnn]er incomes on the level of 
(lemand for the par t icular  produet  ? Knowledge (if 
the income-elasticity of demand for the produet  
would be hell)ful here. 

Se, eond, est imating the annual  (,()st of the proposed 
(,quipment presents the prohhnn of using a proper  
(teI)re(-~iation rate. A higher rate will be in order if 

rapid improvenwnts in tlle design and set-up ot' pro- 
eessing equipment is likely. The I)robMn is difficult 
to soh'e with any precision, but it shouhl be face(1. 

Finally,  the estimate of the increase in revenues 
per unit has its own diflieulties. What  are prol)er 
market  prices to use? It must  be assumed a certain 
average level of product  prices (in the period lhe 
equipment is to be paid for) or that  the flut, tuations 
in the level of product  priees will be followed fairly 
closely with similar thtetualions in unit opera l in /  
costs. Next, it shouhl be determined how the price of 
the specific, product  is likely to (hwiate t!i'Olll the o'e,- 
eral group level. This point will he amplified with a 
tinlely illustration. 

Snppose a eottonseed mill considers investin~ in a 
newly designed set of equipment that  will lower the 
gossypol eontenl of cottonseed meal. Such fl,ed wouhl 
be improved in the sense that it would be used more 
freely in livestock and poul t ry raiions. The prive 
premimn mio'ht be expeeted to approximate  the (lit!- 
ferential  in selling price betweelt current  quality cot- 
tonseed meal and other oil meals. Would this premium 
be sufficient ? 

The answer del)enlls largely upon two faetors:  the 
sul)ply of cottonseed meal relative to other nleals, and 
the over-all demand for protein fee(Ix. A situation 
ma.v be visualized in which a short supply of cotton- 
seed meal and a generally strong demand for protein 
t'eed would vause (.ottonseed meal prices to be at)out 
equal to the other oil nleals since there is a subs(an- 
tim area of use in which present-day cottonseed meal 
is just  about as good. 2 This nmy not be the situation 
this year  or lhe next, but it p robably  is the direction 
in which the industry  is moving in the (.oming dec- 
ade. There will be an increase in the demand for high 
protein fee(l with nr) equivalent  im~rca, sc in the size 
of the cottonseed ('roll. 

The above conclusion may be modifie(l by other fro._ 
tors, e.g., the ('.out of the necessary elluipment may 
he made low enough to pernlit profitable ol)eralitm 
(lespite a narrow premium for the improved l)rodueI : 
or perhaps a way may be foun(t to increase the vol- 
rune of cottonseed mills, thus aehieving hlwer unit 
costs of operation than wouhl obtain at present. 

The point of the above example is that  firms nmst 
he careful in using current  premiums in calculating 
lhe expected increase in returns from an improved 
l)roduet since these l)remimns are governed by eco- 
nomic forces that  might  change. This reasoning tony 
be applie(1 to many  other areas in the fats industries. 
The unique factors peculiar to each situation shouM 
he examined to arr ive at a good appraisal .  

2 Th(~ rapid  growth of tile mixed-feed industry in recent, years prob- 
ably has resul led ill a g rea i e r  ra t ionMity in l lsors '  t~v0.hlation of ~i~l~(~l*ll[l- 
l ive sources of protein.  



The 'Chemistry of Fats 
B. F. DAUBERT, Department of Chemistry, University of Pittsburgh 

CIIAI~ACTERISTIC feature  of fats  is their  com- 
plexity. No h)nger can we conceive of a fat  as 
consisting of glycerol and three f a t ty  acids for  

the5" are eomph~x mixtures  of mixed tr iglyeerides of 
which the consti tuent f a t ty  acids are both sa turated 
and unsaturated.  Indeed, the realization of the large 
mmlber  of 1)ossibh~ combinations of glycerides in a 
fat  serves to emphasize their  coml)lexity. Inherent  
problems of the nmlecular s t ructure  of the component  
glyeerides of a fa t  have been a wor thy and ex(.iting 
challenge to the chemist, and although considerable 
progress has been made on the s tudy of their  eoml)o- 
silion through the application of such teehniques as 
fractional distillation, fract ional  crystallization, sele(.- 
t i re  hydrogenation,  and chromatographic  adsorption, 
developments dur ing the past  decade have indicated 
a quickened pace in the fm~damental chemical s tudy 
of these natura l ly  occurring products.  

In this br ief  dis(.ussion of the chemistry of fats  
at tention in most respects must  be centered on the 
chemistry of the f a t ty  acids ra ther  than on the glye- 
erides. Many of the properties of the glyeerides are 
a reflection of the propert ies  of the f a t t y  acids. Natu- 
rally occurring fats, in addition to containing pre- 
dominant ly  t r igly(er ides  as the major  constituents, 
(.ontain phosptmtides ( tr iglyeerides in which one of 
the three fa t ty  acid grout)s may be considered as hav- 
ing been replaced with a phosphoryl choline group, 
lecithin, or a 1)hosphoryl fl-amino ethyl aleohol group, 
(.ephalin). Other minor  constituents inclnde sterols, 
pigments  (carotene),  ant ioxidants  (toeopherols),  and 
carbohydra te  fragments.  The lat ter  are t)resent in a 
few per cent or less and together with the phospha- 
tides are removed to a greater  or lesser degree in the 
refining process. 

The eonq)h, xity of the glyeeride composition of a 
fat  increases with the number  of component fatLv 
acids as it is well known that  different f a t ty  acid 
radicals combine with a single glycerol molecule. 

Phospl~atides. The phosphatides whieh are largely 
removed in the refining process of fats  and oils oc(.ur 
to vary ing  amounts in animal and vegetable fats, the 
lat ter  containing by  fa r  the grea ter  amount  of phos- 
phatide. The p h o s l ) h a t i d e  content of aninml fat  is 
usually very low. The phosphatide in both animal 
aud vegetable fat  is usually associated and may be 
chemically combined with carbohydrate .  The fa t ty  
acid composition, at least in vegetable phosphatides, 
ai)proximates the composition of the oil in which they 
are foun<l. 

The two general (.lasses of phost)hatides occurring 
in vegetable fats  are the lecithins an(l the eephalins, 
s t ructures  of which are indicated in P igure  1. The 
n i t rogen-phosphorus  ratio in both classes is usually 
1:1. 

Sternls. Sterols occur in both 1)lan! and animal fats. 
Those o(.eurring in plants  arc called phytosterols and 
those in animals zoosterols. They comprise most of the 
unsaponifiable mat te r  in a fat, the remainder  consist- 
ing essentially of hydrocarbons (squalene, etc.). 

The, most extensively investigated animal sterol is 
cholesterol. The p lant  sterols occur in considerable 
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Fro. 1. Types of phosphatides. 

nllnlbers in na ture ;  two of them, fl-sit()sterol and stig- 
masterol,  are fa i r ly  well characterized. 

Fatty Acids. The na tnra l ly  occurring f a t ty  acids, 
in the main, are divided into two general classes, the 
sa tura ted  and unsaturated.  The sa tura ted  acids, char- 
aeterizet! by the formula  C,tt , , , , . ,COOtI, are normal, 
monobasic, al iphatie acids aml with but  one exceI)tion 
(iso-valeric) contain an even mmlber  of carbon atoms. 
The unsa tura ted  acids for  the most pa r t  consist of lS 
carbon atoms with one or more dout)le bonds in the 
al iphatie chain. Both the sa turated and unsaturated 
acids are s t ruc tura l ly  related. 

The sa tura ted  fa t ty  acids include laurie, myristic, 
pahnitie, and stearic as the more i m p o r t a n t  natu- 
rally oec.urring fa t ty  acids. The more impor tan t  un- 
sa tura ted  acids are oleie, linoleie, and linolenie acids. 
These groups of acids with but few exceptions occur 
to the greatest  extent in most natnral  fa ts  and oils. 
Tables I and I I  include, in addition to these acids, 
other sa tura ted  and unsa tura ted  acids. 

Isomeric Fatty Acids. Although it is not normal 
for  sa tura ted  f a t ty  acids to exhibit  isomerism, un- 
sa tura ted  f a t t y  acids show both positional (difference 
in position of double bonds) and geometric (cis-tra~s 
isomerism). Isomers of oleie acid (9,10-oetadeeenoie 
acid) which are known to be na tura l ly  o c c u r r i n g  
include petroselinie acid (6,7-oetadeeenoie acid) and 
vaeeenie acid (1 ],]2-oetadecenoie acid).  Elaidie acid, 
the trans isomer of oleie, does not occur in natural  
fats  and oils, at  least so fa r  as I am aware. Several 
isomers of nornml linoleie acid (9,12-octadeeadienoic 
acid) have been rePorted to occur natural ly ,  and it is 
well known that  isomers of linolenie acid (9,12,15- 
octadecatrienoie acid) occur in na tura l  fats. 

I Iowever,  al though few isomeric f a t t y  aeids oeeur 
in nature,  it is quite possible that  a va r ie ty  may be 
produced i n  processed fats  and oils by  (1) hydro- 
genation of monoethenoid, conjugated and  non-con- 
juga ted  polyethenoid f a t t y  acids, (2) action of isom- 
erization and heat, (3) debrominat ion of te t rabromo- 
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stcaric acids, (4) catalytic dehydrat ion of na tura l ly  
occurr ing hydroxy  f a t ty  acids. Positional and geo- 
metric  isomers may also be p repared  artificially or 
synthetically.  

The par t ia l  hydrogenat ion of u n s a t u r a t e d  f a t t y  
acids or glycerides ( 'ontaining them usually results 
in a var ie ty  of isomeric acids. The amount  and kind 
depend upon the nature  of the original oil and the 
conditions of hydrogenation.  

The two methods which are customari ly used to 
determine the position of the double bond in the ali- 
phat ie  chain are oxidation and  ul t raviolet  absorp-  
lion. Both methods however are somewhat limited. 
Neither  method is sat isfactory for  dist inguishing geo- 
metric  isomers (cis-lrans). :More extensive use how- 
ever of infrared attalysis has served to provide an 
a < l e q u a t e  method for distinglishing cis f rom tra,n,~ 
isomers. Fa t ty  acids of traus configuration exhibit  
characterist ic  in f ra red  absorpt ion in the region of 
10.3 ~. 

Autoxidation. The spontaneous addition of atmos- 
l)heric oxygen to the double hond system of the un- 
sa tura ted  fa t ty  acids in a glyceride to form peroxides 
which later  result  in the format ion of short  chain 
products  an(1 thus rancidi ty  in edible fats  is differ- 
ent ia tcd f rom the t)urposeful addition of oxygen to 
highly unsatura ted  fa t ty  acids to cause polymeriza- 
tion into useful products. 

Since autoxidation is the major  cause of rancidity,  
it is perhal)s al)propriatc to discuss briefly some of 
tit(: postnlated mechanisms of this. The classical con- 
cepts of the  reactions that  occur ( l u r i n g  o x i d a t i v e  
rancidi ty  involve the initial addit ion of oxygen to 
an nnsa tura tcd  carbon-to-carbon linkage and the sub- 
sequc.nt format ion of a cyclic peroxide. Staudinger  
believed that  a highly reactive moloxide stage pre- 
,.(,.des the fornmtion of the cyclic peroxide:  

R C I I - ( q [ - - R  +0~ ---) R - - C I I - - ( ' I I  -R .-). R - - ( ? H - - ( ' t l .  R 
\/ I ' 

() 0 --- o 
I 

o 
moloxidc cyclic peroxide 

The active peroxide once formed presumably  un- 
dergoes rapid  decomposition with the simultaneous 
format ion  of new peroxide molecules. Several mech- 
anisms have been postulated for  the decomposition 
of these organic peroxides and init iat ion of a chain 
of reactions accompanying the development of oxi- 
dative rancidity.  One involves a suggestion that  the 
peroxide reacts with a sa turated f a t t y  acid chain by 
a process of dehydrogenation with the corresponding 
format ion of a new douhle bond, which then peroxi- 
dizes and subsequently dccomI)oses into short-chain 
sa tura ted  aldehydes and acids. 

Pe rhaps  a more c o m p l e t e  unders tanding  of the 
autoxidation process has resulted f rom the work of 
Farmer ,  who postulated a hydropcroxide as the first 
compound formed in the autoxidation of olefinic type 
substratcs  (e.g., unsa tura ted  fa t ty  acids),  i f  the hy- 
dropcroxide theory is correct, then a reinterpretat ion 
of the autoxidativc process must  be made in the light 
of this theory. The hydroperoxide is formed presum- 
ably  by  a free radical mechanism of olefinic peroxi- 
dation. Secondary reactions subsequently lead to the 
product ion of scission products.  

Important Chemical Characteristics of Fats 

Saponification Value. Considerable i n f o r m a t i o n  
concerning the lmture of a fa t  or oil can be gained 
f rom a knowledge of the saponification value. The 
saponification values of neutral  glycerides and other 
esters of f a t ty  acids va ry  with the nature  of the fa t ty  
acids. Oils of high saponification n u m b e r  contain 
f a t ty  acids of low molecular weight while the con- 
verse is t rue for oils containing high molecular acids. 
The use of the term saponification equivalent is pre- 
fer red  by lnany as an indication of the l n o l e c u l a r  
weight of a single fa t ty  acid or the average molecular 
weight of a mixture  of f a t ty  acids; the saponification 
equivalent in the case of glycerides is one-third of 
their  molecular weight. I f  the saponification mmlber  
is known, however, the sap<mification eqnivalcnt can 
be calculated as follows: 

S.E. = 56,104 Sap.No. 

T A B L E  I 

S a t u r a t e d  F a t t y  Ac ids  

---" "__ : " -L _ _ -" - - '  i N a m o  . . . . . .  

(},l) l OlC 

I I : 7 7 2 " Z 7 2  ............ 7 2 2 Z : 7 :  ........ 7ZZ22: 
| , a l l r i c  ...................................................................................... , 

Myr i s t i e  ................................................................................... 

P a h n i t i e  ................................................................................... 

S t e a r i r  ..................................................................................... 

Araeh id i e  ................................................................................. 

Beh en i e  .................................................................................... 

L i g n o e e r i e  ................................................................................ 

Ct~rnaubic ................................................................................. 

Carot ie  ...................................................................................... 

MeJi sale ........................................................ 2 : ' """  __%'i" "~" "2 ':"" "i: "_':" . _ _  

Number 
of carbon 

a toms  

6 

8 

I I I  

12 

14 

16 

18 

"'0 

"2.2 

24  

'2-4 

o 6 

3O 

Source  wi th  h ighes t  content  

Source 

Coconu$ 

(~oeon|l t 

Elm 

C a w a l - K u r u n d u  

N u t m e g  bu t t e r  

J a p a n  wax  

B o u a n d j a  (al lan-  
b l ack i a )  

R a m b u t a n  tallow 

N i a m  
Xyl ia  xylocorpa 

Coral  t ree  

. . . . . . . .  "2 " ' 2 : 2  L _  _ _  

% 
2 

10 

50 

86 

77 

77 

57-fi3 

35 

14.2 
17.3 

26 

Other soil r{'es 

Butter ,  t,ahn nut  oils, etc. 

But ter ,  lmhn n u t  oils. etc. 

Coconut ,  bu t te r ,  pa lm nut  ,ills, etc. 

L a u r e l  oil, sperniaeet i ,  bubassu,  palm 
~:errlel, el(', 

Kombo, dika,  u e u h u b a  

An ima l  and  vegetable  fa t s  

Animal  and  vegetable  fa t s  

P e a n u t  oil 

Peanut.  oil, oil of Ben  

P e a n u t  o i l  r apeseed  oil, eerebros ides  

C a r n a u b u  wax  

Beeswax ,  wool fat ,  op ium wax 

.... *.'_'2.2 ......... 
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T A B L E  I I  

U n s a t u r a t e d  F a t t y  Acids  

;);)O 

N a m e  Carbon  
_ _  ~ n u m b e r  

Orotonic  ...................................................... 4 

Tigl ic  .......................................................... ] 5 I 

Oloie ............................................................ 1 8  

Fdaidie  ........................................................ I 18 ] 

Pc t rose l in ic  ................................................. 

E r u c i c  ......................................................... 

L iaole ic  ....................................................... 

T a r i r i c  ........................................................ 

L inolen ic  ..................................................... 

: :~  ............................................. I 
A r a c h i d o u i c  ................................................ 1 

18 

2'2 

1.8 

18 

18 

18 

18 

20 

Double  
bonds  

1 

1 

i (9)  

1 ( 9 )  

t ( t l )  

1 ( l : t )  

2 (9, 12)  

:l (9, 12, 15)  

3 (9, 11, 13)  

4 

4 

Source  wi th  h ighes t  conten t  

Source  

C o u 1 a 

P a r s l e y  

N a s t u r t i u m  

Satt tower 

T a r i f f  
( P i e r a m a i a  Sow)  

Pe r i l l a  oil 

T u n g  oil 

_ % 

95 

76 

82 

78 

95 

70 

75-95 

i 
. . . .  [ 

Other  Sources  

Croton oil 

Croton oil 

A n i m a l  and. Vegetable  f a t s  

H y d r o g e n a t e d  f a t  ~ Does not occur  ill 
~atura l  f a t  

L'nlbell iferac oils 

C r u c i f e r a e  oils 

L inseed  and  cottonseed oils 

IAnseed oil 

J a p a n e s e  s a r d i n e  oil 

A n i m a l  fat ,  phospha i ides  

The S.E. to be of exper imental  value in determining 
molecnlar weights must  be determined with care and 
precision. 

Iodine Value. The simplest and most rapidly  deter- 
mined chemical constant for a fa t  or oil is its iodine 
value. I t  is a most valuable characterist ic in fa t  an- 
alysis for it measures total unsaturat ion.  I t  is highly 
accurate  and gives near  theoretical values except in 
(-ases of conjugated double bonds or tr iple bonds, or 
when double bond is near  a carboxyl  group. The 
iodine value will, as a general rule, lead in the most 
rapid  mamler  to the identifi(.ation of a fa t  or oil. 
One can certainly determine the (;lass to which a 
given oil or fa t  belongs if the iodine value is known. 
Despite its u s e f u l n e s s  however the absorption of 
hydrogen (hydrogen number)  is perhaps  the best 
indication of total unsaturat ion.  The possibili ty of 
halogen substi tution is always present  in iodine value 
deternfinations and may  lead to f au l ty  results. The 
mechanical  difficulties involved in the determinat ion 
of hydrogen absorpt ion however mili tates against  its 
wide use. 

Vahmble  indications of the nature  of a fa t  or oil 
can be obtained f rom the Reichert-Meissl number  for  
it is general ly known tha t  most na tura l ly  occurring 

fats  and oils contain but  small quanti t ies of soluble 
volatile acids. I t  therefore folh)ws that  a relatively 
high Reichert-Meissl nmnher  would be a characteris- 
tic and possibly lead to informat ion  concerning the 
nature  of the fat.  

M e t h o d s  available fox' identification and amount  
of specific f a t t y  acids in a fa t  include thiocyanogen 
l lumber (linoleic and  linolenic acids),  t c t rabromide  
nmnber  (linoleic acid),  hexabromide number  (lira)- 
lento acid) ,  diene number  (conjugated acids). These 
methods, for  various reasons, have largely been sup- 
p lanted  by  the spectrophotometr ic  procedure although 
it is claimed by  many  tha t  the thiocyanogen determi- 
nation, if careful ly  controlled, gives a nlore accurate 
indication of linoleie and liuolenic acids, despite its 
empirical  relationship, than  the spectrophotometr ic  
procedure.  

Acetyl  value of a f a t  or oil is a valuable  charac- 
teristic only if t r iglycerides containing hydroxy  fa t ty  
acids are present,  e.g.,  c a s t o r  oil.  The acid value, 
al though a variable constant,  is impor tan t  because 
the extent of hydrolysis  (deter iorat ion)  or oxidation 
can be followed by  its dcternfination. Therefore  it 
is par t i cu la r ly  useful in determining the qual i ty  or 
freshness of fats  and oils. 



The Composition of Fats 
B. F. DAUBERT, Department of Chemistry, University of Pittsburgh 

T ] : I ~  general scope of tile problem of investigating 
chenfieal constituents of the na tura l  fats  is 

now clear since it has been conclusively demon- 
s t rated that  seed fats are nfixtures of mixed tx'iglye- 
erides and that  the occurrence of simple tr iglyeerides 
is quite exceptional. I t  falls into two pa r t s :  1. the 

identification and determi- 
nation of tile 1)roportion of 
the fa t ty  acids present,  and 
2. the e l u c i d a t i o n  of the 
manner  in which these are 
eolnbine(t with glycerol. 

At tile present time the 
methods of that  branch of 
analysis c o n c e r n e d  with 
the determination Of t h e  
f a t t y  acid composition of 
fats  and oils have attaine(t 
an advanced state of sensi- 
t ivi ty and precision; con- 
tr ibutions to the evolution 
of the p r e s e n t  (lay tech- 
niques have come f rom a 
I1 U Ill b e r of sources, and 
the lechniques themseh, es 

B. F. Daubert embrace a wide var ie ty  of 
separat ion 1)roee(htres and analytical methods directly 
apI)lieable to f a t ty  acid mixtures.  

Non-Solvc~t Crystallization. The higher lnelting 
f a t ty  a(.ids of a f a t ty  acid lnixture have been sep- 
ara ted f rom the mixture  by slowly chilling and filter- 
ing out the solidiiied portion. 

Solve~t Crystallization. a) Separa t ion  of Fatty 
Add  ,b'alts. The Sel)aration of f a t ty  acids from solid 
f a t ty  a(.i(ls through the differem.e in solubility of 
such salts as har ium, magnesium, or lead sails was 
first accomplished nearly a century  ago. Such meth- 
ods are tedious and only successful lo a limited ex- 
tent. In all cases the methods are empirical, and a 
single fraet ionat ion y M d s  only a partial  sel)aration, 
a number  of operations being required for a goo(1 
resolution. 

b)  Separa t i on  of Fatty Acid Bromine Addition 
Products. Bromination of linoleie acid yiehls, among 
other products,  a solid te t rabromide i n s o l u b l e  in 
I)etroh;um ethel', and linolenie acid, a hexabronfide 
insoluble in ether. These facls have led to procedures 
for the separat ion of these acids f rom mixtures,  hut  
the large percentage of other isomers formed and 
the complex mutua l  solubility effe(,ts largely vitiates 
these procedures.  

c) Separation of Fatty Acids. (!rystallizaiion l)ro- 
ee(lures at or near  room tempera tu re  are not well 
a(lapted to separa t ing most mixtures  of fa t ty  acids, 
t'or ahove 0~ '. the eommon unsatura ted  fa t ty  acids 
are liquids, infinitely soluble in such solvents as ace- 
tone and ether. ()nly in the eoml)aratively recent past 
have crystallization t e c h n i q u e s ,  at markedly  h)wer 
temperatures ,  been emt)loyed. Low tempera ture  sol- 
vent crystallization has been extensively used for tile 
isolation of many  ,mtural ly  o c c u r r i n g  fa t ty  acids 
such as oleic, lilmleie, linolenic, erueie, and ri(.inoleie~. 
Elahorat ions of the proce.dure have served as founda- 
tions of analytical  methods for the determinat ion of 
the sa turated acid content of f a t ty  acid mixtures.  
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l)etcrminations of fatty acid solubilities and of mu- 
tual solubility effects at low tempera tures  are leading 
to the developnn;nt of more effective crystallization 
p roeedu res. 

Fractional Distillation. The first iml)ortant studies 
in the use of fractional  distillation for  the separation 
of f a t t y  acids were made as early as 1880. The frac- 
tional distillation of methyl  or ethyl esters of the 
aeids has been considerably relined since that time 
by a large number  of investigators. For  accurate 
quant i ta t ive results it is necessary to obtain separate 
port ions which contain not more than  two adjacent 
hontoh)gous sa turated esters and not more than two 
adjacent  homologous unsatura ted  esters. For the lat- 
ter fract ion the percentage of sa tura ted  esters can be 
determined by oxi(tation of the unsa tura ted  esters to 
alkali-soluble products. The sal)onification equivalent 
and iodine value of the original and the separated 
group together with tile percentage of the latter pro- 
vide enough data for calculating the composition of 
the total  fraction in terms of known fa t ty  acids. 
Four  equations are obtained, sufficient to provide a 
solution for four  unknowns. 

Ill 1)raetice tile procedure is usually, but  not al- 
ways, simplified by  t)relinfinary sel)aration of the 
mixed f a t ty  acids into saturated and unsaturated.  
In these cases where myrist ie  and lower fa t ty  acids 
are present, it is often t)ossihle to separate these by 
a pre l iminary  par t ia l  ester distillation. Whenever 
h)wer fa t ty  acids are present,  e.g. butyri(., a prelimi- 
nary  steam distillation of the mixed acids serves to 
remove them for seI)arate examination.  

Chromatography .  Chromaiographie  separations, 
originally developed at the beginning of the 20lh cen- 
tury,  have only reeently heen sueeessfully applie(1 to 
the separat ion of f a t ty  acids. U n s a t u r a t e d  fa t ty  
acids, sa turated fa t ty  acids, and branched chain fat ty  
acids have been separated, using a flowing chromate- 
graphic  method. Par t i t ion chromatography  has been 
recently applied to the separation of normal  saturated 
f a t ty  acids froln five to 19 carbon atoms. 

Speclrophotometry. Studies of the u l t ravMet  ab- 
sorption spectra of unsa tura ted  f a t t y  acids, both of 
the natural  isome, rs and the conjugated isomers, have 
led to the deveh)pment of methods for  the direct dc- 
terminat ion of tetraenoie, trienoie, and dienoie acids 
in a f a t ty  acid mixture.  Determinat ion of the to(line 
value of " the  mixtm'e  allows an e x t e n s i o n  of the 
method to the estimation of monenoie and saturated 
fa t ty  acids. 

In many  instances, several or more of tile above 
proee(hlres have been used in (.ombination to gTeat 
advantage  in the isolation of a single acid or the 
identificatio,l of the components of a mixture. The 
analytieal  work of II ihl i teh exemplifies a eoml)ination 
of the lead salt separat ion and fract ional  distillation; 
his extensive studies of the f a t ty  acid compositions 
of many  plants and animal fats  have established c o l  
relations between f a t t y  acid COml)osition and specie, s. 
The quant i ta t ive work of Bahtwin and Longenecker 
c, learly demonstrated the remarkable  accuracy attain- 
able in the analysis of a f a t ty  aeid mixture  and its 
components by a combination of spectrophotonwtry 
and fractional  distillation. 

Glyceride Co~tte~t of Fats. The analytical  moth- 
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ods previously described have been widely applied, 
and the fa t ty  acid compositions of many natura l ly  
occurring fats and glyceride oils are known; many 
properties of these substances call be successfully 
correlated with their  fa t ty  held e.ompositions. But  
this apIIroach to the properties of fats and oils f rom 
1he viewl)oint of their fa t ty  aeid composition, al- 
though a vahlablc one in many respects, eneonnters 
its final limitations in tile facts that  the components 
of these materials are glyeeri(les rather  than f a t ty  
acids and that the, characteristics of fats and oils 
are derived fronl the characteristics of the (,ompo- 
nent glyeerides. 

It is apparent  that the order of magnitude of diffi- 
culty atten(ling tile separation and deternfination of 
glyeerides is mueh greater  than that  concomitant to 
the separation and determination of fa t ty  acids. Ad- 
jacent menlbers in homologous or analogous series of 
glycerides differ f rom each other much less in char- 
aeteristic physical and chenfieal properties than do 
adjacent  members of similar series of f a t ty  acids be- 
cause of the factor  of approximatcly three separating 
their  molecular weights. Fur thermore  many of tim 
procedures proper  to fa t ty  acid analyses eamlot be 
applied to g l y e e r i d e  analysis because they possess 
features which would lead to the destruction of the 
glycerides. Prominent  examples of unapplieable pro- 
eedures are salt fornlation and fractional distillation 
in the range of ordinary vacua, the one involving 
glyeeride destruction through hydrolysis, the other 
through polymerization and thermal cracking. Only 
sinee 1927 has the s tudy of the conlponent glycerides 
of fats and oils been placed on a quanti tat ive basis. 
Since then a number  of separations and analytical 
procedures have been developed and applied. They 
lead for the most par t  to the elaboration of glyeeride 
mixtures simpler than the original or to analytical  
figures in terms of closely related glyeerides, and in 
only a few eases have single eoml)ounds been sep- 
arated or analytical data in terms of single com- 
l)ounds been obtained. However the occurrence in 
various fats of simple t r iglycer ides-- t r i lanr in ,  tr imy- 
ristin, tr ipalmitin,  triolein, trilinolein, trilinolenin, 
trieruein, triricinolein, trielaeostearin, and traces of 
t r i s t ea r in - -have  been authenticated. Of tile mixed 
triglyeerides only tile 2-oh~yldistearin, of kokum but- 
ter, coeao butter ,  and the rare allanblaekia fats and 
2-oleyhtipalmitin of Stillingia tallow and piquia fats 
have been authenticated. There is also considerable 
evidem.e that  2-palnlityl oleylstearin is contained in 
lard. 

One of the first quanti tat ive tools applied to glye- 
eride analysis was the oxidation procedure developed 
by  Hilditch. It allows the estimation of those glycer- 
ides possessing only saturated aeids. The glyceride 
mixture  is oxidized in a(;etone with I)otassimn per- 
manganate;  all ethylenie leakages are split and the 
carbons oxidized to carboxyl groups. The alkali solu- 
ble azelaoglyeerides can be separated from the unaf- 
fected t r isaturated glycerides. 

Complete and part ial  hydrogenation procedures arc 
also used to s tudy the glyceride composition. In gen- 
eral, however, the cxaet sequence of events in the 
hydrogenation of a complex mixture  of glycerides of 
different degrees of unsaturat ion is not known. Thus 
the margin of er ror  in both types of hydrogenation 
studies is ra ther  large, and they are not favored for 
analytical purposes a t  the present time. I I i l d i t e h  

says, " . . . .  (hydrogenat ion)  is a procedure which 
should be used with caution and indeed a v o i d e d  
where possible. It has proved of considerable use in 
the earlier stages of the study of glyceride emnposi- 
tion, but  the subsequent advances in pre-resolution of 
mixed glycerides by crystallization have made its em- 
ployment less necessary."  

Molecular distillation has been aIIplied to many oils 
but  the process, while eaf)able of separating free fa t ty  
acids, odorous an(l flavoring materials, sterols, and 
vitamins from the oils, does not a c c o m p l i s h  any 
significant fraetionation of the glyeerides. The pre- 
dominance of oleodilinolenin and dilinoleolinolenin ill 
linseed oil has been established by chromatography.  
In addition an impure trilinolenin has been isolated 
from linseed oil by the same teehnique. 

Solvent Partition. The employment of b inary liq- 
uid-liquid extraetion systems for the separation of 
(.omponents of oils has been tr ied;  high iodine value 
fractions have been separated from soybean, eorn, 
cottonseed, and linseed oils using the system oil-meth- 
anol. The only slight solubility differenecs exhibited 
between tile predominant  glycerides of these oils and 
tile complex mutual  solubility effects found to exist 
imt/ose limitations on tiffs type of separation as far  
as isolation of single glyeerides or even radically sim- 
pler mixtures is con(;erued. 

Non-solvent crystallization is not very useful for  
glyeeride separation. On tlle other hand solvent crys- 
tallization for the separation of un(.banged glycerides 
has been of advantage and falls natural ly into two 
phases. Pr ior  to 1936 the pr imary  aim was the isola- 
tion of pure glyeerides f rom fats and oils with little 
attention being foeussed on the evahmtion of the en- 
tire glyeeride s t rm' ture  of a par t icular  fat  as a whole; 
these studies were conducted in the range of tempera- 
ture from 0 ~ to room temperature.  Ill 1936 however 
crystallization procedures wet'(' applied not towards 
isolating single compounds bu t  rather  towards sew 
arat ing the. entire complex fat  into a number  of frac- 
tions simpler in their  eoml)osition; chemical studies 
for  fu r the r  information could then be apt/lied to the 
individual fractions, the relative simplicity of the 
fractions facili tating tile interpretat ion of the chemi- 
cal data. Tile method has been applied to a nmnber  
of fats emIIloying tenlperatures below 0~ This tech- 
nique of low teinperaturc precipitation of the glyeer- 
ide components of all oil from a dilute, solution of 
the oil or fat, u t i l i z i n g  no physical agencies that 
would change the glyeeride components of the oil, 
involving no chemical t reatment  of the glycerides, 
and possessing the ahili ty to bring about a marked 
separation of the glyeerides, is the most promising 
procedure yet  developed for the resolution of a glye- 
eride mixture into its eomponents or markedly sim- 
pler mixtures. 

This brings us to the glyeerides themselves. The 
fat  or oil t r iglyceride mixture may be regarded as 
broken down into glyceryl  residues and fa t ty  acid 
residues, and an inquiry  has been insti tuted to deter- 
mine what scheme of fa t ty  acid distribution predicts 
the rammer in which the fatW acid residues are actu- 
ally found distr ibuted among the positions on tile 
glyceryl residues available for  esterification. The in- 
quiry possesses additional interest in that  all features 
of tile distribution seheme actually found must be 
paralleled by features in the enzyme systems respon- 
sible for  the glyceride synthesis. 
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T A B L E  [ 
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LII 
I ~ L n  
; Ul,n,1 

~lon~,-Acid Tr ig lvc .  l}istribtltioI ....... [ ~  
R a n d o m  Dis t r ibu t ion  ........................ ] 0 .0003 
E v , m  Dis t r ibut ion  ............................. 0 
Pa r t i a l  R a n d o m  ]) i s t r ibut ion  ........... ] o 
E x p e r i m e n t a l  Dis t r ibu t ion  ............... 0 

~.*,;JJs aT/~i.T. ]7,5;71;,i;io, :...: I 
R a n d o m  1)istribution ......................... 
l': yen Dis t r ibut ion . . . . . . . . . . . . . . . . . . . .  ! 
Pa r t i a l  R a n d o m  Distribttt'ion....'.'.'..'.'.'. 
Expe r imen ta l  Dis t r ibut ion ................ [ 

l Ol 
L-S,2 

0 
~ :1.9 

1 . 6 9  
:L6(} 

r lm 
FLo 
�9 Lo,1 

596 
223 

0 
8.0 
8.9 

. O1 
! O1 
', Lo,2 

0 
911"0 

70.0 
72.7 

; OI I rS  ] r i m  
[(}1 I Fs L I , -  '_o,,~_~s,~._!~ s,~ 

21o I 147 I o 
12.5 3.24 0.02 
{} I o I 
o I o / o 
o / o I o 

-O1 
b-O1 
t 1,11,2 

0 
).02 

Ih50 
0 

FS f S  
~S o tS 
-OI, ,  LEo,2 

O 0 
1 .3 1,  ..) 

o 
4.16 17.5 
0.18 16.8 

r Ln  r Lu [ Lo 
I-Ira ~Ln. FLo 
U()l'2 . . . .  10)'2 cS'20 

0.03 0.07 164 o ! 
0 332 

335 

. S  
LS 
i ],n,2 

(} 
0.-I i 
0 
3.20 
4.1{) 

iS i O l  
-ol I } Lo 

__:'Lo,*~ _ LT,1I,,~ 

]e~ I X.:,L 
1-t6 1 15.5 

40.8 ] 1.00 
.t 1 .5 I o 

FLo 

0 
257 
524  
485  
482 

LLn,3  
- - - - ~ - - - -  - -  

1 .30 

10.5 
11.8 

ULn,2 

0 
6.96 
0 
0.50 
0 

FS 
FI,o 
Lira. 3 

0 
3.40 
3.00 
2.94 
3.19 

The nunlber of glyecride types possible from n 
fa t ly  acids del)ends on tile degree of d i s t i n e t i o n  
made. 

L e t  

N~ ~ number of glycerides, optical isomers distinguished =: n a 
N: ~ ntullber of glyccrides, position isomers distinguished, but 

not optical isomers ( n  a "-~ 1 1 : ) / ~  

N =: mlmber of glycerides, neither position nor optic:d iso- 
nlers distinguished -- (n ~ + 3n'-' -[- 2n)/6 

,$'chcmes of Fatty Acid Distribution. The oldest 
s(.hemc, the monaeid triglyeeride, schenle, hmg proven 
invalid and of interest only historically, is the sim- 
plest l)ossible and states that only monacid triglycer- 
ides are formed;  thus all pahlfitic acid in a fat would 
be esieriticd as trit)ahnitin, llere the q u a n t i t a t i v e  
ealc, ulations are obvious. All experimental work oil 
both plant  and animal fats indicates tilts idea to be 
in error ;  the reality is nearly the reverse since, experi- 
ment dentonstrates simple monaci(l triglycerides for- 
nlation to be the exception rather than the rule. 

Random Distribution. The scheme of random dis- 
lribution states that the fa t ty  aci(ls are distributed 
anlo]lg the various positions of the glycerol molecule 
in the n]anner that wouhl be expected from consid- 
erations of probabil i ty ahme; simple continuous re- 
lationships exist between the number  of glycerides 
present and between fa t ty  acid eoneentrations and 
g l y c e r i d e  concentrations. Ilenee an oil or fat  in 
which the fa t ty  acids are distributed randomly pos- 
sesses quantities of all possible i.riglyeerides deriva- 
ble from the fa t ty  acids present. 

The total possible chenlically distinguishable glye- 
erides --- possible triaeid triglycerides q- possible 
dia{.id triglycerides (a --- a 1) ~- possible diaeid tri- 
glycerides (a ~ fl) -]- possible monacid triglyeerides 

(n a ~- n~)/2. For examl)le, two fa t ty  acid species 
result in an oil containing six glyceridc sI)eeies while 
an oil containing four  fa t ty  aeid spec, ies results in 
au oil containing 40 glyeeride species. The, random 
sehelne results in a more complex fat t[lall does any 
other st, heine. 

Even Distrib]l, tio,n. The scheme of even distribu- 
tion arose from the, expcrime, ntal observation that  
monae, id trigly{.erides in natural fats and oils are 
actually rather rare. Both pre, v i o u s l y  mentioned 
schenles of distribution allow the occurrence of ulon- 
aeid triglycerides; the random so'heine, in fact, indi- 
cates that a fa t ty  acid existing in a large percentage 
is represented to a substantial degree by a monacid 
triglyc, eride formation and that even an acid existing 
in only a small percentage is present in some amomlt 
as nlonaeid lriglyeeride. The even distribution hy- 
pothesis linfits the types of glyc, erides possible. Every  

glyceride molecule must possess one mo]e, cule ot' tile 
I)artieular fa t ty  acid before any glyeeride can pos- 
sess two, and every glyceride must possess two before, 
any glyceride can possess three. Geonletrical consid- 
erations of the even case show that a concentration 
greater than 3 3 ~ %  is necessary for diaeid glyeeride 
formation and that a e o n e e n t r a t i o n  greater than 
6 6 ~ %  is necessary for monacid glyceride formation. 
In even distribution not all conceivable glycerides are 
expected. Even distribution, as may be seen, greatly 
reduces the number of total glycerides. 

I t  should be emphasized that the even system, 
though evolved p r i m a r i l y  from considerations of 
nlonacid triglycerides, affects the proportion of all 
types of glycerides existing in a fat and gives a 
cmnposition entirely different from that of the ran- 
dom scheme. 

Partied Randam Distribution. The partial random 
seheme represents something of a conlpromise from 
the relatively rigid eonditions of the pure even sys- 
ten1 and derives from the fact that monaeid triglye- 
erides, although much less prevalent than the random 
system suggests, occur more frequently than the pure 
even system allows. The partial random system, in 
effeet, has many characteristics in conlmon with the 
even system, but it de, viates from the e, ven system in 
that it decreases the critical concentrations of acid 
required for diacid and monacid triglycerides for- 
mation from 3 '3~% and 662/a% to lower values. Ob- 
viously many partial random s y s t e m s  exist. The 
minimunl fa t ty  acid concentration for monaeid tri- 
glyeeride formation in the partial random scheme has 
been set as low as 50 to 55%, with a eorresi)onding 
reduction made in the requirenlent for diaeid tri- 
glyceride formation. The partial random scheme as 
used in a recent s tudy of corn oil plaeed the critical 
fat ty acid concentration necessary for monaeid tri- 
glyeeride formation below 59.0% and above 20.9% 
and the concentration necessary for diacid triglycer- 
ide formation below 20.9% but above 0.56%. ltenee 
linoleie acid (59,6%) can oecur either once or twiee, 
or three times. Oleic acid (23.0%) can occur either 
once or twiec and the same is true of saturated add  
(14.7%). Linolenic acid (0.6%) can occur only once. 

In Table I is shown a eonlparison of glyceride struc- 
tures for corn oil calculated for the above schenles and 
determined by analyses of fractions obtained by low 
temperature fractional erystallization of the oil in 
aeetone. 

Mechani,sm of Glyceride Formation. I t  is reason- 
able to assume that  glycerides are largely fornled 
from carbohydrates. This is suggested by the sharp 
decline of carbohydrates and the rise of the glyc- 
eride content in r ipening seeds. 



Processing of Oil Seeds and Nuts by Hydraulic and 
Mechanical Screw Press Methods 
R. P. HUTCHINS, The French Oil Mill Machinery Company, Piqua, Ohio, 
Hydraulic Processing and Continuous Screw Presses 

Summary 

O IL secds and meat scraps are processed to pro- 
duee crude oil and high l)rotein feeds by the 
following methods: ( In all methods there is an 

initial cleaning, weighing, storing, and meats prepara- 
tion preliminary to the production of raw nmterial 

suitable for subsequent oil 
separation. ) 
]. Crushing, cooking, forming, 

and pressing in hydraulic 
box presses 

2. Crushing, cooking, forming, 
and pressing in hydraulic 
cage or curl) presses 

3. Preparation and pressing in 
continuous mechanical screw 
presses 

4. Preparation and solvent ex- 
traction 

5. Preparat ion,  pre-pressing, 
and solvent extraction 

A b r i e f  description and 
illustrations of  the  first 
three p r o c e s s e s  are in- 
cluded in this discussion. 

The hydraulic process- 
R. P. Hutehins ing of oil seeds using box 

presses in which each 16 
pounds of material are handled individually by labor 
is clearly obsolete in these times of efficiency in engi- 
neering and high labor costs. A somewhat better case 
can be made for cage press processes, especially on 
materials that arc highly abrasive and corrosive or of 
a nature that presents difficult problems in solvent 
extraction. 

I t  seems obvious that hydraulic box press opera- 
tors should convert to either continuous presses or 
solvent extraction. Continuous presses have several 
advantages over extraction : 

1. Lower initial investment 
2. Simpler operation 
3. Lower operating costs 

a) Less labor and supervision 
b) Lower steam usage 
c) ~N'o solvent loss 

4. No special safety problems 

Only in power cost, maintenance cost, and value of 
products does solvent e x t r a c t i o n  usually have an 
advantage. 

For  high oil seeds such as flax, peanuts, copra, and 
similar materials, pre-pressing in mechanical screw 
presses followed by extraction is the most economical 
method of obtaining maximum oil yields. For  inter- 
mediate oil content seeds, such as cottonseed meats, 
although direct extraction is feasible, it is probable 
that present mechanical press plants will find it eco- 
nomical to go to pre-pressing followed by extraction. 
On such seeds new plants using continuous presses 
can be safely installed without fear of losing out 
economically to solvent operation. 

Discussion 
Oil seeds can be processed to separate the oil from 

the high proteiu meats by five processing methods. 
These methods are indicated in Figure  1. The seeds 

l PRELIMINARY SEED PROCESSING 
CLE~ININO, DRY~'NQ, LhVTING, HULLi~k/G, I~FAT5 ,SEPARATIO~I, WEIGHII~ 

OIL CAKE OIL FL.AKF S D 

k'IO. 1. Methods of obtaining crude oil from vegetable seeds 
and nuts. 

are first brought  into the plant and treated according 
to the nature of the material. The usual processes are 
cleaning, drying, delinting (as regards cottonseed), 
hulling, meats separation, and weighing. 

In  the hydraulic method of processing, tile meats 
are then crushed in vertical rolls, cooked to coagulate 
the protein and obtain the proper moisture and tem- 
perature, and then pressed under hydraul ic  pressure. 
There are two kinds of equipment for pressing seeds: 
the box presses in which each 20 pounds of material 
are wrapped in hair cloth and carried manually to 
the press, and the cage press machinery in which the 
meats are introduced into the large presses without 
individual handling, and pressed. In  both processes 
it is necessary to strip the press cloths from the cakes 
before they are ground into meal. 

In  the continuous m e c h a n i c a l  press process the 
meats are sometimes crushed or cracked and some- 
times fed directly to the presses. Most material is 
also heated or dried and then fed to the continuous 
press. The four th  process is the solvent extraction 
method and the fifth is pre-pressing of high oil seeds, 
followed by solvent extraction. 

In  pre-pressing the same continuous press is used 
but  speeded up for  very large capacity, and most 
seeds can be handled directly by the presses without 
prel iminary heating or drying with the result that  a 
high quality cold pressed oil is obtained. This fifth 
method is almost a universal system in that any oil 
seed, as far  as I know, can be handled satisfactorily 
by this process. 

Hydraulic Operation. The hydraul ic  method of 
processing in box presses is used extensively in this 
country  only in the cottonseed industry.  Most of the 
equipment business is in repair parts, extra capacity, 
or foreign sales. 
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UMIVs FLOW CHART 

SEEDS, NUTS OR BEANS TRASH~ 
FINISHED ~ CRUDE OIL 

ME.AL 

FIG. 2. tlydraulic processing of oil seeds and nuts. 

F i g u r e  2 shows a more  de t a i l ed  flow sheet fo r  box 
p ress  or  cage l)ress ope ra t ion .  Th is  c h a r l  is made  uI) 
wi th  cot tonseed ehiei ty  in nf ind b u t  is a p p l i c a b l e  to 
a n y  oil seeds. 

Fro. 4. Interior of stnek rolls. 

A cage press  is p i c t u r e d  in F i g u r e  6, whieh shows 
an i n s t a l l a t i on  ill ( ' ey lon .  Seeds are, t r e a t e d  s imi l a r ly  
up  to and  i n c l u d i n g  the  cookino' process,  where Ill(; 
(.ake, s at'(; fo rmed  into  l ayers  in hlIge presses,  g iven a 
p r e l i m i n a r y  t)ressing in the first  low pl 'cssllre cage, 
and  then  t r a n s p o r t e d  b y  t rucks  r u n n i n g  on ra i l s  to 
the f in ish ing  presses.  

vm. 3. ~'rcnch stack flaking roll. 

A f t e r  the mea l s  al'e separa l ( ,d  t 'ronl tl .e hulls,  th~'y 
a re  u sua l ly  ro l led  in verti(~al c r u s h i n g  rolls as shown 
in F i g u r e  3. F i g u r e  -1 shows lhe cons t ruc t ion  of these 
rolls,  which redm.e  the mea ls  to t takes of .095 to .014 
inch thick.  The  i takes arc  then  conveyed  to a ver t i -  
cal s tack  cooker made  up of m u l | i p l c  ke t t les  which 
can be seen ill lhe  cen te r  of F ig 'u re  5. Tile meats  a rc  
u sua l l y  hmni( t i f ied in the  tol) ke t t l e  in o r d e r  1o iln- 
p rove  oil qua l i ty ,  and  then the moi s tu re  is r educed  in 
sueeessive, s tages  in the cooking un t i l  t hey  are  b r o u g h t  
ou t  a t  a b o u t  51/._,% a t  the  bot tom.  The  t e m p e r a t u r e  
of lhe  top  ke t t le  wi l l  u sua l l y  be he ld  be, tween 175 a n d  
195~  and  g r a d u a l l y  ra ised  t h r o u g h  tile cooker un t i l  
the  seeds are  d i s c h a r g e d  at  220 to 240~  The to ta l  
cooking  t ime is u s u a l l y  be tween  70 a n d  120 minutes .  
2'he mea t s  a re  f o r m e d  into cakes a n d  w r a p p e d  in ha i r  
c loth a n d  inse r t ed  into  the  box presses.  

FIG. 5. I-lydralflie press room showing cooker, former, presses, 
nnd cake trimmer. 

The h y d r a u l i c  process  of c rush ing  seeds has high 
l abo r  costs a n d  seems to be outmoded.  This  wil l  be 
deep ly  r e g r e t t e d  b y  ahnos t  every  one who had a p a r t  
in tile i n d u s t r y  as t he re  wi l l  never  be a more  colorful  
a n d  i n t e r e s t i n g  process.  I t  is a rough  and  tough oper-  
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Fro. 6. Cage pre:<s installation in Ceylon. 

ati(>n that re<luires of all l)ersomwl engaged in it all 
t'xeeptionally sirong back and it strong mind. 

Those of us who ~'ot into lifts industry later found 
it a gohl mine in l ' egar( l  to opp<)rtunities for h+eh- 
nieal improvements. Many such ehanges still ean be 
profitably al)l)lied in hydraulic t)lants by proper ap- 
plication of hunfi(lifieation before eooking, moisture 
control during eooking, close supervision of the man- 
ual teehniques of forming and press eharging, and 
in many other plaees. 

The hydraulic I)roeessing operation al)pears 1o t)e 
(>hs(>lete, bui (here remain two oiher metho(ls, and 
the eombinaii<m of them, as replacements. 

F R O ~  , S T O I ~ A 6 1 .  - -  

JFitt. 7. Flow sheer for continuous mechanical screw pres:sing, 

('o,nlinuous Ncrew I'rcss Opcralion. The mechani- 
eal s(.rew l)ress process has overwhehning advantages 
over hydraulic box 1)ress operation, and it also has 
a m l m b e r  of  advantao'es over solvent extraction. Fig- 
ure 7 is a flow chart for a eon(inuous press operation 
as al)l)lied to soybeans. Other oil seeds are handled 
similarly, w i l h  a s()mewhat different p r e p a r a l i o n .  
Soybeans are cracked and sometimes flaked before 
going to (he cooker dryers. The oil goes to a continu- 
ous settling tank or is put over a vibrating sereen 
and then filtered. The loots and filter press cakes 
are sent back to the presses. 'Pile cake is eooled and 
ground into finished meal. In settin~ up a serew 
press phmt one musl have a d e q u a t e  and well de- 
signed auxiliary eiluipmenl , sueh as the rml-around 
bin with feeder, and feeder 1)rovision for foots and 
filter press eake which will feed the mah'rial  very 
tmiformly to the presses. Tit(: most important oper- 

ating principle in r tuming meehanieal screw I)resses 
is uniformity, both in the kind of material and the 
amount of material Nellt to the presses. The vahte of 
uniformity cammt be stressed too s(rongly. It is fre- 
(luently the difference he(ween efficienl, profitable op- 
eration and inefti(.i(,nt operation. 

For  most efficient operation s o y b e a n s  should b(' 
heated to about 290~ ,'. ()ther oil seeds require h)wer 
teml)eratur('s, as low as 200 ~ for coI>ra, 220 ~ for flax- 
seed and cottonseed, and 230 to 240 ~ for peanuts. The 
moisture of (he material going to tim press will run 
as h)w as 1 1 , ~ :  f()l" so vhea.llS and up to :)~ for most 
other materials. 

A l"rench lnechanical screw press is shown in Fig- 
ure & Tiffs unit has a vertical cooker dryer  to heat 
and dry  the nlaterial. Figure 9 shows a V. D. An- 

FIO. 8. Fom'-high cooker dryer and four section meehanieal 
screw press. 

Fu;. 9. Twin motor super duo expeller with 38" eooker. (The 
V. I). Anderson Expeller Co., Cleveland, Ohio.) 
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derson  expe l l e r  wi th  a ho r i zon ta l  cooker.  (The re  a re  
on ly  two m a n u f a c t u r e r s  of con t inuous  m e  c h a  n i c  a 1 
screw presses  fo r  oil seeds in this  c o u n t r y . )  The two 
mach ines  p e r f o r m  the same o p e r a t i o n  in t ha t  the  oil 
seeds a rc  first  hea ted  and  the p ro t e in  coagu la t ed  so 
as to r educe  loots ,  a n d  the  oil s e p a r a t e d  f rom the sol- 
ids b y  the  a p p l i c a t i o n  of h igh  p ressure .  F i g u r e  10 
shows the  b a r r e l  of the  F r e n c h  press ,  which has  a 
s t r a i g h t  l ine  flow. The feed worm runs  at  a h ighe r  
speed  t han  the m a i n  sha f t  and  he lps  to a p p l y  the  
in i t i a l  pressure,  to the  m a t e r i a l  a n d  to s t a r t  the  flow 

Fro. 10. ])rainage cage of French mechanical press. Fro. 11. Drainage cage of Anderson expeller. 

:Fro. 12. Sectional view of I~'rench press. 
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of oil which is nmst easily removed. On the main 
shaft  worms and collars build up to the max imum 
pressure toward the discharge end to get the last 
possible anmunt  of oil separated.  Both machines have 
a ehoking a r rangement  at the discharge, which also 
helps to app ly  the final pressure. 

The Anderson expeller barre l  is shown in Figure  
11. This machine has a feed worm usually separately  
nmtor-driven at r ight  angles to the main shaft.  In  
general, the operation is quite similar in that the low 
pressure is appl ied in the feed worm and the final 
high pressure is applied through worms and collars 
on the main shaft .  

F igure  12 shows a sectional view of a French press 
and illustrates the heavy duty  c o n s t r u c t i o n  of all 
gears, bearings, and other par ts  which is necessary 
for  this type of machine. 

This type of high pressure operation results in a 
great  deal of abrasive wear, and all oil seeds present  
more or less of a corrosion problem. I t  is a false 
economy, recognized by  all good processors, to allow 
these machines to wear excessively. Efficient opera- 
tion requires I)eriodie maintenance work, involving 
the replacement of worn parts .  Great  strides have 
been made in the manufac ture  of the par ts  subject  
to the greatest  wear, and use of hard alh)ys has been 
developed to a high degree. 

Fro. 13. Mechanical screw press installation. 

F igure  13 is a view of a mechanical press mill. 
There are m a n y  mills in operat ion in this emmtry  
with 16 and 24 machines usually a r ranged  in two 
lines, and one mill has about  48 machines. This is 
a unique characterist ic of oil nfilling practice in the 
United States as a result  of the avai labi l i ty  of large 
quantit ies of one seed. This permits  large capaci ty 
mills to be set up for the most efficient operation on 
one oil seed and contrasts with the practice in other 
countries where it is usually necessary to produce ma- 
chines that  can handle a var ie ty  of oil seeds. 

Since hydraul ic  operators  in this country  should 
convert  to either mechanical screw pressing or sol- 

FlO. 14. Pre-I)ressing flaxseed on mechanical screw presses. 

vent extraction, it seenls desirable to present a list of 
the respective advantages  and disadvantages oil these 
two processes. Mechanical screw presses have a h)wer 
initial investment,  are simpler to operate, require less 
labor (not as high type labor)  and less supervision, 
have lower steam usage, no solvent loss, and no spe- 
cial safety problem. The solvent extraction process 
has slightly h)wer power cost, lower maintenance cost, 
and higher product  value since the price of oil has 
pract ical ly always been more than meal, and solvent 
extraction results in a higher oil yield. 

I t  seems probable  that  a small operator,  located in 
a favorable  area where f re ight  rates operate to his 
advantage,  might  be much bet ter  off with mechanical 
screw presses. He would certainly have much less of 
an operat ing problem, i t  is my view tha t  operat ion 
of a solvent p lant  at  less than  50 tons per  day is not 
advisable. The technical supervision which should be 
available for  solvent extract ion operation cannot be 
justified for a smaller I)lant. 

Pre-Pressing Operation. Mechanical screw presses 
are being used extensively for pre-pressing high oil 
seeds, followed by  solvent extraction. Figure  14 shows 
a line of presses which are i)re-l)r(,ssing flax seed down 
to 18 to 20% oil pr ior  to extraction. For  pre-press- 
ing a mechanical screw press operates at high speeds 
an(l high capacity,  pressing out the easily expelled 
oil; the seeds usually require little, if any, pre- t reat-  
nlent, result ing in a very high quali ty cold pressed 
oil. For  soybeans direct extract ion is cer ta inly ad- 
visable for  operators  who consider solvent extraction. 
( 'ottonseed, in the intermediate  range of oil content, 
can be extracted direct ly quite satisfactorily,  bu t  it 
may  work out advantageously  for  a plant  having me- 
chanical presses a l ready to convert  them to pre-press- 
ing service, followed by  solvent extraction, when they 
wish to obtain this addit ional  oil. Fo r  flaxseed, copra, 
sesame, peanuts,  and all the other high oil bear ing 
materials,  the greates t  eeonomy will be obtained by a 
combination p lan t  wherein the oil content of the se.eds 
is reduced to 18-20 per  cent before extraction. 

C u r r e n t  and fu ture  developments are certain to 
make fu r the r  grea t  strides in the efficiency of operat-  
ing mechanical screw presses, f rom which the oil seed 
processing indus t ry  will benefit. 



The Theory of Solvent Extraction 
GEORGE KARNOFSKY, Process Research and Development Department, 
Blaw-Knox Company, Pittsburgh, Pennsylvania 

C()31PLETE analysis el the I)ractice of soh'ent 
extraction woul(i require the equivalent of a 
text on the unit  operations of chemical engi- 

neering. The unit  operations invoh, ed are materials  
handling, size reduetion, size separation, drying, flow 
of fluids, heat t ransfer ,  (.'xtraetion, evaporation, strip- 
ping, filtration, and sometimes adsorption, l[owever,  
whereas the handling of most of these Ol)erations is 
fa i r ly  conventional, the extract ion operation which is 
the heart  of the complete process requires equipment  
of special design and theoreti(.al analysis not yet to 
he found in textbooks. This paper  will be devoted 
entirely to a dis(.ussion of the extraction operation. 

The e x t r a c t i o n  of soluble mater ial  f rom a soli(I 
matr ix  has had relat ively few at)plications. Exam- 
ples are eounter-eurrent  washing as practiced in the 
mam]fa(~ture of caustic f rom soda ash and lime, leach- 
ing of soluble ores, leaching of soda ash f rom black 
ash in the manufae ture  of paper  p u l p ,  and the extrac- 
tion of sugar  f rom beets. Superficial examination of 
these examples will explain why it is impossible to 
devise a single theory of extraction. The first is a 
case of silnple washing f rom the surface of a finely 
divided g r a m d a r  solid, the seeond involves leaching 
from an i m p e r m e a b l e  heterogeneous matr ix  finely 
divided soluble particles which can only be reached 
by  fine grinding, hi the third ease the soluble mate- 
rim is uni formly  dis tr ibuted throughout  a i)ermeable 
homogeneous matr ix  and the mechanism of extrat;tion 
is 1)ossibly one of true diffusion. The extraetion of 
sugar  fl 'om beets takes place by  dialysis. 

Total  E x t r a c t i b l e s  

Bof'ore it is l)ossit)le to diseuss extraction f rom oil 
seeds, it nmst be (dearly established what it is that  
is being extra(:ted. ] t  would simplify the task eon- 
siderably itl it were p o s s i b l e  to say that  we are 
('on(.erned with the extraction of a single chemical 
suhstance from a non-ext rae t ib le  solid of uniform 
emnposition. I Iowever  we arc dealing with a product  
of nature  which is subject  to considerable variat ion 
so that  the definition of extractibles is not pre('ise. 
The various factors described helow affect the per 
c(,nt total extraetibles by  as nlueh as 1 ~ ,  whieh is an 
iml)ortani consideration in view of lhe fact that  com- 
mercial extractors  are designed to produce meal con- 
taining ().5%. residual " o i l . "  

The factors affecting the total extraetibles are :  

1. The Solvent. Even "mmng t he  solvents recognized "is tile 
specific for  glycerides, such as triehlorethylenc and the 
commercial paraffins, there is a decrease of about  19"o in 
total exh'actibles among trichlorethylene, hept 'uw, hexane, 
:u]d l~etroleum ether at their  boiling points,  ill that  order. 
Ill addition t o  glycerides the materials  extracted are l)hos- 
lllmtides, non-sal)onifiallles, and pigments.  

2. Temw'raturc of Extraetion. Although not clearly estab- 
lished there is some evidenee tha t  the tot'fl extraetible 
with any one solvent is a funct ion of tempera ture  of 
extraction. 

3. Moishn'e Content o1" Sample. It  has been reported (1) 
that  a reduction in moisture  content without  heat  trent- 
meat  f rom 8 to 5 ~  may decrease the total extractibles 
f rom soybeans by as much as 1%. This is related to the 
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increased removal of phosl)hatides from the sample of 
high moisture content. 

4. Hrat Treatment History of ,~a,mple. lt eat ing generally 
increases the total extraetibles. This is of especial im- 
portance to the supplier of extraction equipment who  nmst 
guarantee  the residual oil content  of the meal since it is 
found in practice that  he:tt t rea tment  subsequent to ex- 
traction increases the extraetibles by as much as (MIc/'c. 
It is cus tomary to guarantee  the residual oil content of 
extracted soytlean meal sampled a f te r  complete desof 
ventizing, but  prior to toast ing.  

The A.O.C.S. has recognized these factors  and set 
u 1) a s tandard  analytical method (2) for  oil using a 
Butt extractor,  which specifies the solvent, pretreat-  
ment of sample, the extraction time, reflux rate, etc. 
The 1)retreatment specitied includes dry ing  to about 
2% moisture by  heating in an oven for  2 hours at 
130~ .. This has been found to give a nmximum yield 
of extraetibles. The s tandard  method also specifies 
that  the sample must be reground at an intermediate 
point in the extraction, thus recognizing that  the  seed 
substance is not very pervious to the. solvent. 

The si tuation was well smmned up in 1943 by  Bull 
(2,), who said, " T h e  wide variat ion in results for 
lipid content indicates that  the lipids removed can- 
not be c o n s i d e r e d  as ei ther tr iglycerides alone, or 
total lipids, but an empirical  value given by  a rigidly 
(.ontrolled pro(.edure. I t  is apparen t  that  methods arc 
needed to determine the, tr iglycerides and total lipid 
content of soybeans and soybean mea l . "  
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Distribution of Extractibles 

It is well known (4) " t h a t  the oil removed initially 
is of higher quali ty than the smaller proport ion which 
is extracted with difficulty in the final stages of the 
i.ontacting opera t ion . "  In  an analysis made in the 
Blaw-Knox labora tory  a ]()-lb. sample of flakes was 
extracted with hexane down to 0 .25~  residual ill 12 
successive steps. The first cut included all the ex- 
traetibles down to 2% residual while the other 12 
(:uts constituted the fract ion f rom 2~. down to 0.25% 
residual. While the first cuts were light orange in 
color an(l otherwise normal,  the quali ty (tcteriorated 
until the m a t e r i a l  corresponding to 0.25%-0.50% 
fraction was a dark red-brown,  very  viscous, only 
slowly soluble in hexane, and had a bad odor. The 
first i:ut had 0.36% free f a t t y  acids and a refining 
loss of 6%. The c o m b i n e d  cuts corresponding to 
0.25%-1.1~); residual ha(l 5.()~ free fa t ty  acids and 
a refining loss of 81.5~:. 

In a similar e x p e r i m e n t  Bull and I Ioppe r  (5) 
tested the fract ions for iodine number,  thioc.vanogen 
number, nnsapouifiable nmtter,  and p h o s p h a t i d e s .  
The most marked  difference was found in the phos- 
phatide content, which varied from 1.25~ in the first 
fraction to 18 .6~  in the fract ion corresponding to 
0.41 c~-0.56% residual. 

Rate of Extract ion 

Any work on the rate of extraction ill order to be 
useful must  recognize the l imitations iml)osed where 
what is being extracted is so poorly defined. In order 
to get consistent results it is be t ter  to l)erform the 
analysis for total  extractibles with the same solvent 
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and at the same tempera ture  as the experiments  oil 
rate ra ther  than use the A.O.C.S. method. 

in the pa rag raphs  that  follow typical  data  on rate 
of extraction are l)reserlte(l. The da ta  have been se- 
lected t(i demonstrate  tile most impor tan t  variables 
tha t  affect the rate in commercial  o p e r a t i o n .  The 
quali tat ive conclusions to be drawn f rom these data 
are useful to those con(.erned with I)lant operation, 
without regard to any theory of extraction. How- 
ever the data are examined more crit ically in the 
section on mechanism of extraction. 

I t  will be noted that  all the data are concerned with 
the extract ion of flakes, prel:)ared ordinar i ly  by  suc- 
cessive steps of cracking or cut t ing the seed, condi- 
t ioning the eraeke(l seed by  ad jus tment  of moisture 
content and temperature ,  and rolling between smooth 
rolls to produce flakes of controlled thickness. The 
advantage  of flaking is that  it produces thin pa r tMes  
whi(.h can be rap id ly  extracted without  at the sanle 
tinle making tronblesome fines. The practice of flak- 
ing as a method of 1)reparation for  extractions is, 
with very few exceptions, the only one used in this 
country  at the present  time. For  this reason the dis- 
cuss]on is l imited to the extraction of flakes prepared  
direct ly f rom the seed. Where the other methods of 
p r e p a r a t i o n  are used, as for  example forei)ressing 
(7) of high oil content seeds, the conclusions may 
not apply.  

In F igure  1 typical  extraction rate data for  flakes 
have been plotted. Soybean, cottonseed, and flaxsee(l 
flakes of aI iproximately the sanle thickness were ex- 
t rac ted  with hexane at the boiling point  by  percola- 
tion. The data is plotted on semi-logarithmic coordi- 
nates as residual oil vs. extract ion time. 

Three significant generalizations can be made f rom 
F igure  1 that  have been substant ia ted  by  consider- 
able data. First ,  there is a great  difference in the rate 
of extract ion of flakes made direct ly f rom different 
oil seeds, soybeans being one of the most easily ex- 
t rac ted  of the common oil seeds. Second, the bulk 
(about  8()~)  of the oil is extracted rapidly,  but  the 
last of the oil is extracted slowly and with increasing 
difficulty. Third, as demonstrated in the case of flax- 
seed, for all practical  purposes some of the oil cannot 
be extracted at all without grinding.  

Effect of Flake Thickness: In F igure  2, the ex- 
tract ion rate  curves of soybean flakes of different 
thickness ext rac ted by  percolation with hexane have 
been plotted. That  flake thickness has a profonnd 
effect on extraction rate is apparent .  

Effect of Temperature: The s tudy of the effect of 
t empera tu re  of extraction on rate  is complicated by  
the possibility tha t  the total extract ible varies with 
tempera ture .  Pract ical ly,  however, the performanc, e 
of an extractor  is judged by  the A.O.C.S. method so 
there is .justification for  measur ing the effect of tem- 
pera tu re  against  a s tandard  analysis. In Figure  3 
data are presented for  extraction of cottonseed with 
hexane at three different temperatures ,  the analysis 
for  total e x t r a e t i b l e s  having been made by  the 
A.O.C.S.  method, using hexane. There is a signifi- 
cant change ill extraction rate  with tempera ture ,  
which cannot be overlooked in p lant  practice. 

Effect of Solven,t: The effect of solvent on rate  is 
complicated by the fact  that  the total  extract ible dif- 
fers with the solvent. For  research purposes it is 
desirable to measure the rate of extract ion against  



566 THE JOURNAL OF THE AMERICAN" OIL CIIEMISTS' SOCIETY, OCTOBER, 1949 

1.00 

.50 

a 

_1 
0 

,20 
>- 
13C 

0d 
.I 0 

{33 
_1 
.J  

0 

.J .05 - -  

Or) 
W no 

.02 

.01 

- - - - t  

i 

i-- 

FIGURE 3 

OF SOLVENT 

I-- 71 HEXANE 
2-- I00  HEPTANE 
:5-- I00 HEXANE 
4-- 150 HEXANE 
5-- 192_ HEPTANE 

t I 
I 

o , o o  

o .  OO TO S  O 
00, "  .,0K 

total extractible, with the same solvent, but  practi-  
(,ally the solvent is judged by analysis of the meal 
produced by the A.O.(LS. method. 

The llSe of the heptane fraction instead of hexane 
as a solvent is feasible, especially where eoht con- 
denser water  is not available. In F igure  3 data art.' 
presented for the extraction of cottonseed with hep- 
lane at two temperatures ,  ~he analysis for  total ex- 
traetibles having been made by the A.O.(LS. method 
using hexane. The extract ion at 100~ was made 
fro" comparison with hexane at the same tcmperatnre .  
It will be noted that  heptane extracts  slightly more 
slowly than  hexane at the same temperature .  How- 
ever the use of heptane makes possible operation at 
higher temperatures ,  and comparison of rates at their  
respective boiling points shows that  heptane extracts  
f a r  more rapidly  than hexane. 

Effect of Flake Size: The flake thickness is not its 
only significant dimension. When first made, the vol- 
rune of the flake is tha t  of the cracked bean f rom 
which it is made so that  the mesh size of a flake of 
given thickness is a measure of that  of the original 
cracked bean. I f  the distortion of the seed s t ructure  
caused by  the flaking operat ion affects the extraction 
rate, then it can be expected that  large flakes will 
extract  more rap id ly  than small flakes of the same 
t h i c k n e s s  since the large flakes have suffered the 
grea ter  distortion. 

This is borne out by  the data  of King  (6),  pre- 
sented in F igure  4. Soybean flakes, all of the same 

t h i c k n e s s  and p repa red  f rom the same batch of 
cracked beans, were separated by  screening into sev- 
eral fract ions of different mesh size. The fractions 
were extracted with trichlorethylene. There is a sig- 
nificant increase in extraction rate as thc flake size is 
increased. 

The Mechanism of Extract ion 
The general nature  of the curves of F igure  1 has 

hcen explained (8) on the basis that  a f ter  flaking 
the oil is dis t r ibuted in three fract ions:  oil at the 
surface of the flake, loosely held; oil in the capil lary 
spaces formed by rup tured  cells which is removed 
with difficulty; and oil in u n r u p t u r e d  ceils, probably  
not recoverable commercial ly without r e g r i n d i n g .  
This theory has no exper imental  confirmation based 
on microscopic exanfination of flakes. In  fact, Wool- 
rich and Carpenter  (9) showed that  the cells of cot- 
tonseed flakes 0.007" thick were practical ly unbroken 
by  the rolling operation. Since cottonseed cells are 
about 0.001" in diameter,  the broken cells at the sur- 
face of the flake could hard ly  account for  the 80% 
of the oil which is easily extracted with solvents. 

In order to measure the effect of flaking on the 
rate of extraction, careful ly  sized grits  were prepared  
by gr inding and screening, and then extracted by  
percolation with hexane. The average diameters of 
the grits chosen were roughly the same as the flake 
thicknesses of F igure  2, so a comparison can be made. 
The curves for  gri ts  (Fig.  5) and flakes have the 
same general character.  There is a large easily ex- 
t racted f ract ion of oil in the grits, which have not 
been subjected to forces which might rup tu re  cells. 
The easily extracted fract ion is apparen t ly  charac- 
teristic of u n r u p t u r e d  cells. Small grits  (less than 
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0.01") extract more rapidly than flakes of the same 
thickness, as would normally be expected if the flak- 
ing operation did not chang(; tile seed s t r u c t u r e .  
However the flaking operation does make available 
for extraction oil which in the larger grits is prac- 
tieally unextractable. 

Flakes are porous, and in the course of extraction 
tile pores fill with solvent which cannot be removed 
by centrifuging. In  the case of soybeans 22% of the 
volume of unextractcd flakes is occupied by the oil 
and 19% by air (6). Based on tile porous nature of 
the flakes, two entirely different extra(,.tion mechan- 
isms may be postulated. These are the familiar the- 
ory of molecular diffusion, and, less familiar, the idea 
that tile rate of extraction is determiued by the rate 
of solution of undissolved oil. Th(;se mechanisms are 
defined and exanfined in the following paragraphs. 

The theory of molecular diffusion assumes that  the 
solid is homogeneous and that  the soh'ent (or partial 
miseella) used for extraetion enters tile voids to fornl 
with the oil o r i g i n a l l y  in the flakes a miseella of 
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uniform concentration throughout  the matrix. As ex- 
traction proceeds by diffusion of the oil a concen- 
tration gradient  is set up within the matrix from a 
nlaximmn at the center of the flake to the concen- 
tration of the extracting solution at tile surface. At 
infinite time the concentration of the miscella within 
the matrix is uniformly equal to that of the extract- 
ing solution. 

Where the extraction of thin slabs takes place by 
diffusion, a plot of residual oil vs. time on semi-log 



5 6 8  T H E  JOUR NAL  OF TIIE AMERICAN OIL CI IEMISTS '  SOCIETY, OCTOBER, 1 9 4 9  

1.0 

0.5 

O j 

o 5 0 2  
l, iJ 
I - -Ld  
O d  
, ~ m  
tr" ' ,~  

LIJ 7 
O U  
K- -~ . 0 5  - -  
(..~ I -  

Ll. 

.02 

i I FIGURE 8 
~ . - j DATA OF FIGURE 7 

- I TESTED FOR ADHERENCE 
- -  I -  I TO DIFFUSION THEORY 

__1 I . -~5 .3% 
I I 2= ,0.4 

~ --: 5.- 5.2 

i 
p 

.01 
0 I0 20 50 40 50 60 70 

EXTRACTION T IME-MINUTES 

I)al)er is expeeted to have a characterist ic shal)e. Af- 
lpr all initial curva ture  at the begilUlillg (If extraction 
the curve becomes a s t raight  line af ter  about  40% of 
the oil is extracted.  

I t  is appa ren t  that  the extraction rate eurw~s for 
the flakes ca}mot be explained by the silnple diffu- 
sion theory since the point of maxinmm curvature  
occurs when about  90% of the oil has been extracted. 
IIowever,  it was shown by Osburn and Katz  (10) that 
such curves (:all be explained by  the diffusion thPory 
if it is assumed that  there are two kinds of strm.,ture 
~dmracterized t)3' a high diffusion coefficient and the 
remainder  being held in a s t ructure  from which it is 
extracted with great  diffi(,ulty. 

A n o t h e r  requirement  of the diffusion theory is 
that  a single curve shouhl result when unextraeted 
oil is plotted against  time divided by  flake thickness 
squared for flakes of different thickness. In F igure  
6, the curves (if F igure  2 have been replot ted in this 
way. I t  will be seen that  while the easily extracted 
oil conforms approx imate ly  with the flleory, increase 
in flake t h i c k n e s s  results in unavai labi l i ty  of the 
last of the oil greater  than would be predicted for  
diffusion. 

l)iffusion theory also requires that  if the fract ion 
of extract ible oil still mlextraetcd is plotted against 
time, all the data for flakes of the stone thickness 
should fall in a single curve, regardless of the con- 
centration of the e x t r a c t i n g  solution. F igure  7 is 
taken f rom the excellent data of King (6). I t  gives 
the extraction curves for  0.0207" thick soybean flakes 
extracted with tr iehlorethylene solutions at four  dif- 
ferent  concentrations. These curves have been replot- 
ted in F igure  8 as E, the fract ion unextracted,  vs. 
time. The agreement  with theory is fair. 

Tile "undisso lved  o i l "  theory assumes that  the oil 
acts like a slowly dissolving material ,  the rat(; of 
solution of which is independent  of miseella eoneen- 
h'ation. This theory is snpi)orted by  the fact that  
there are slow-dissolving constituents in the extraeti- 
bles which may inhibit  the solution of the oil, as 
pointed out by (loss (4). The theory also assumes 
that  the diffusion through the cell walls is rapid eom- 
pared with the rate of solution of oil so that  the 
miscella in the voids has the same concentration as 
llle extract ing solution. 

The data of Figure  7 ean be used to test the idea 
that  the rate of solution of undissolved oil is inde- 
pendent  of miseella concentration. In Figure  9, the 
data of Figure  7 have been replot ted as "undissolve(I 
o i l "  vs. time. It will be noted that,  with an agree- 
merit bet ter  than that  of Figure  8, the undissolved oil 
is a function only of time and not of concentration 
of extract ing solution. 

The experimental  work repor ted so fa r  does not 
make possible a distinction between the two mechan- 
isms. In order to make this distinction, the following 
exl)eriments were per fo rmed:  

Cottonseed flakes 0.016 inch tl~iek were ex t rac ted  by percola- 
t ion with hexane.  Three  .~amples of flakes f rom the same ba tch  
were so'tked with 10% miseella for  per iods  of 60, 120, and 180 
lninutes ,  respeetively,  and  then ex t rac ted  by percolat ion with 
hexane.  Three  other  samples  of flakes f r om this  same ba tch  
were so:lked for 120 minu te s  in miseel la  of  2%,  20%, and  3t)% 
( .oneentrat ions,  respect ively,  and  then ex t rac ted  with hexanc by 
pereolat imL The da ta  for  these expe r imen t s  .~re presented  in 
F igu re  10. 

If  the mechanism of extraction is one of diffusion 
(or dialysis), it wouhl be expected that  even af ter  
long soaking in miseella the subsequent extraction 
with hexane would take place slowly, at a rate ap- 
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OF EXTRACTION OF COTTONSEED FLAKES 
O, OI6"THICK WITH HEXANE. 

proximately independellt  of soaking time, and deter- 
mined I)y the concentration of the miscella used for 
soaking. On the other hand, if the rate of solution 
of the oil (Ictermines the extraction rate, it wouht be 
exilected that  in the extraction with hexane following 
soaking the soaking nfiseella would be rap id ly  washed 
out of the flakes at a rate independent  of soaking time 

or miseella con(;entration, leaving as residual oil the 
same amotmt as was fo tmd for  the same total  extrac- 
tion time with hexane. 

Examina t ion  of F igure  10 shows that  extraction 
takes place by  both mechanisms simultaneously. Al- 
though the rate of extract ion subsequent  to soaking 
is slow and dependent  on miscella concentration, it 
is significant tha t  the curves all become tangent  to 
the curve for extraction without  soaking. This in- 
dicates tha t  the solution of the difficultly extracted 
material  is a slower process than  the diffusion of 
dissolved oil so that  the former  eventually determines 
the extract ion rate. 

S u m m a r y  

1. The s tudy of the extraction of oil seeds is com- 
plicated by the fact  that  the total  extraet ible mater ia l  
is variable in quant i ty  and composition, depending on 
the solvent and other factors. 

2. Composition of the extracted mater ial  changes 
as the extract ion proceeds, f rom nearly pure  glyc- 
erides in the first f ract ion to fract ions containing 
increasing amounts  of slowly soluble non-glyeeride 
material .  

3. The rate  of extract ion is determine(t by  flake 
thickness, t e m p e r a t u r e ,  solvent, and mesh size of 
flakes as formed. 

4. Mechanism of extraction appears  to be a eom- 
binatio~l of diffusion, dialysis, and the solution of 
slowly soluble extraet ible material .  The la t ter  is suffi- 
ciently impor tan t  that  it determines the size of com- 
mercial extractors.  
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The Mechanics of Solvent Extraction 
GEORGE KARNOFSKY, Blaw-Knox Company 

I N the prepara t ion  of a pape r  on the mechanics 
of solvent extract ion two interpreta t ions  of the 
subject  are possible. Str ict ly speaking, solvent 

extract ion includes the steps of leaching the oil f rom 
the solid residue and subsequent recovery of solvent- 
free oil and meal. In practice, the operator  or de- 

signer of a solvent extrac- 
t ion p lant  is c o n c e r n e d  
with all the steps f rom 
seed selection and storage 
to gr inding finished meal 
and refining finished oil. 

This c o n c e r n  does not 
arise merely f rom the fact  
that  the numerous opera- 
tions b e t w e e n  raw seed 
and finished products  are 
carr ied out in continuous 
series or on the same prem- 
ises. The more basic rea- 
son is that  the operations 
c a n n o t  be separated into 
neat categories since each 
step has its effect on some 

(];eorge Karnofsky s u b s e q u e n t  step. Fo r  ex- 
ample, an extract ion proc- 

ess may meet every requirement  for  successful op- 
eration except that  it produces a meal containing 
excessive fines; or a solvent may be available that  
reduces the cost of extraction, but  the oil cannot be 
refined. 

A commercial solvent extraction process, by  the 
second interpretat ion,  is one that  produces market-  
able products  f rom raw seed at  a competit ive cost 
for initial investment  and operation. Based on cost 
alone, batch extract ion of oil seeds is ruled out in 
this country.  There are several successful continuous 
processes in active competition. To describe each of 
thenl adequately,  with the proper  b a c k g r o u n d  of 
European  experience, would take more space than is 
available. For  this reason only a br ief  discussion of 
the complete process will be presented, based on a 
generalized bloek flow diagram. The uni t  operation 
of extraction will be studied in detail, with emphasis 
on design and operat ion of the various extractors. 
For  those desiring more complete information about  
the practice of solvent extract ion a supplementary  
reading list is appended.  

Block  F l o w  D i a g r a m  
The processing steps shown in F igure  1 are char- 

a(.tcristie of all solvent extraction plants.  They can 
be classified under  the broad  headings of seed storage 
and (.leaning, p repara t ion  for  cxtraetion, extraction, 
desolventizing of extracted solids, meal finishing, mis- 
(.ella clarification and dcsolventizing of miscella. 

Seed Storage and Cleansing. Proper  selection and 
storage of seed are essential if the products  are to 
be of high quality. P roper  cleaning of the seed may  
make the difference between operat ion un in te r rup ted  
for  ninny weeks and o p e r a t i o n  plagued b y  minor 
shut-downs. Since warm, moist prote in  quickly forms 
hard  masses, which plug equipment  and conveyors, 
one shut-down general ly causes several more. Not 
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only does down-time reduce production, but  it is dur- 
ing periods of i r regular  operat ion that  plants  using 
hydrocarbon solvents are hazardous. 

Preparation for Extraction. The proper  prepara-  
tion of the seeds for  extract ion is perhaps  the most 
impor tant  operat ion in the process. In  any case the 
seed must  be reduced in size so tha t  a t  least one 
dimension is about  0.01" in order to make the oil 
available for  extraction in a reasonably sized extrac- 
tor. The size reduction can be accomplished by  either 
of two methods, the choice of which determines the 
rest of the process. 

The f r s t ,  and most obvious method, is to gr ind the 
seed in the simplest manner,  say in 5-high rolls such 
as are used for  cottonseed. This method of prepara-  
tion produces an extractible mater ial  with a large 
range of part icle size distr ibution and a large per- 
ccntage of extreme fines. The extractor  must  be spe- 
cially designed to handle such a feed;  provision must 
be made to clar ify the miscella;  and the meal pro- 
duced must  be agglomerated to make it salable. The 
saving in the cost of the prepara t ion  system may be 
more than offset by the additional cost of the extrac- 
tion equipment.  In  Europe this method was not used. 
I towever  in this country  there are at least two plants 
that  are operat ing in this manner  on high oil-content 
seeds. 

The second, almost u n i v e r s a l  method, is to pre- 
pare precisely-sized flakes f rom the seed by  rolling 
between accurately-spaced smooth rolls. In  the case 
of soybeans the beans are cracked into eighths in 
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2- or 3-pair high corrugated rolls, then heated to 
temperatures between 140 and 170~ and the mois- 
ture content adjusted to 10-11% prior to flaking. In  
the case of high oil-content seeds, from which strong 
flakes cannot be prepared directly, the seeds are pre- 
pressed in a screw press to a residual oil content of 
10-20%, and the p r e s s  c a k e  carefully conditioned 
prior to flaking. The advantages of flaking are:  

1. Precise control of flake thickness. The rate of extraction 
decreases rapidly as flake thickness increases, so that opti- 
mum extraction requires flakes of uniform thickness. 

2. Minimum fines in miscella and meal. 

E x t r a c t i o n .  In  the extractor the oil is leached 
from the prepared seed to yield, on the one hand, a 
solution of oil in solvent, called "miscel la ,"  and on 
the other, extracted solids containing a small amount 
of residual oil and considerable solvent " h o l d - u p . "  
The miseella and solids are desolw;ntized in subse- 
quent processing steps. 

Superficially, the criterion of good extraction is the 
percentage of residual oil in the desolventized meal. 
For  soybeans the trade now expects a guarantee of 
0.7% residual or less. For  cottonseed and flaxseed, 
which are more difficult to extract and for which 
there is still little commercial experience, a guaran- 
tee of 1% residual is more likely. 

D e s o l v e n t i z i n g  the Extracted Solids. The solids 
leaving the extractor must be freed completely of 
residual solvent. This is generally done applying in- 
direct heat to vaporize the solvent followed by direct 
steaming to remove the last traces. 

Meal Finishing. This includes steps required to 
convert the solvent-free meal into a marketable prod- 
uct. These include toasting in the case of soybeans, 
moisture content adjustment,  grinding, agglomerat- 
ing, pelletizing, etc. The finishing steps required are 
determined by the nature of the extraction process 
employed. 

MisceUa Clarification. This is generally required 
to remove fines from the miseella prior to distilla- 
tion. The m a g n i t u d e  of this step varies with the 
extraction process, from simple straining or filtration 
when soybean flakes are extracted in a percolation- 
type extractor to elaborate centrifugal clarification 
where a finely-ground material is extracted in an 
immersion-type extractor. 

Desolventizing the Miscella. The miscella is con- 
ccntrated by evaporation followed by direct steaming 
to remove the last of the solvent. Most vegetable oils 
must  be processed for a minimum time at low tem- 
perature  in order to prevent deterioration of the color 
of the oil and fouling of heat t ransfer  surfaces. 

Classification of  Extractors  
A good extractor must meet the following specifi- 

cations : 

]. It should extract substantially all the oil from the pre- 
pared seed, using an economical solvent ratio. (Solvent 
ratio is the ratio of solvent fed to seed fed to the ex- 
tractor.) In soybean practice a ratio of one pound of 
hexane to one pound of flakes is standard. 

2. It must be mechanically strong, capable of continuous 
operation for many months without maintenance. 

3. It must operate simply and automatically. 
4. it should cause a minimum of particle size reduction in 

the solids. 
5. ]t should produce a miscel]a of maximum clarity possible, 

depending on the nature of the feed. 

There are two types of extractors, the immersion- 
type and the percolation-tyt)e. In  the immersion-type 
the solids are agitated in the solvent while in the. 
i)ercolation-type the solvent is run  through fixed beds 
of solids, in  each of these the contacting between sol- 
vent and solids may either be continuous or stage- 
wise, with partial draining of the solvent from the 
meats between stages. In all cases the flow of sol- 
vent and solids is nmde as nearly counter-current as 
possible. 

Each type has application where it has peculiar 
advantages. The percolation-type requires that  the 
solids form a porous bed through whMt solvent can 
flow. This limits its a p p l i c a t i o n  to well-prepared 
flakes or sized particles whereas the application of 
the immersion-type is not limited. However where 
the percolation-type can be used, it has the advan- 
tages of p r o d u c i n g  clear miscella by the filtration 
through the bed characteristic of its operation; of 
permit t ing adequate drainage by gravity,  within the 
extractor, of the solvent in the extracted flakes; and 
of causing little reduction of particle size. The im- 
mersion-type generally requires auxiliary m i s c e l l a  
clarification and auxiliary means for draining sol- 
vent from the extracted solids, such as drain boards, 
squeezers, and centrifuges. 
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FIG. 3. Sectional view shewing opel':dion of Kennedy i)atented-eontinuous counter-current extraetor 
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In  practice tile distinction between the two types 
of extractors is not sharp since an effort is made in  
the design of several of the immersion extraelors to 
establish a bed and so gain the advantages of per- 
colation. This will be apparent  from the descriptions 
of extraetors that follow. 

The extractors described are those in use ill this 
country. There are many extractors described in the 
l>atent l i terature and several use<l successfully in 
Germany which are not inclu(led. In listing the ex- 
tractors, an effort has been made to describe first 
those that  are of the immersion-tyt)e and last those 
of the  pereolation-type. 
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i F  . . . .  
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_ _ _~..gy~... ~ . . . . . . .  
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o . , , , ,  

U-TUBE ERTRACTOR 
.Pit+. 4. 

FEED Sf_~I. 

M I S C E L L A  r,r , ],~ ~t +.*~i" ~ "~" EXTRACTED 
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The Cenh ' i fuge  Exh 'ae l ion  Syste'm. This system, 
shown in Figure 2, is designed part icularly to han- 
<tie finely ground mate, rial. It is a toni[minus, coun- 
ter-current  stagewise operation, in which each stag(' 
consists of a mixer and a continuous solid-bowl cen- 
trifuge. The solvent ratio required depends on the 
nuntber of extraction stages. This extraction system 
gives well-drained extraete, d solids and miseella of 
m a x i m u m  clarity possibh~ with a grotmd feed, al- 
though the miseella needs fur ther  clarification. It is 
lmw being used for the extraction, without prel)ress- 
ing, of flaxseed. 

Horizonta l  (Tell Extractor .  The only [miners[on ex- 
tractor of this t.vpe in conmlercial use is the Kemmdy, 
shown in Figure 3. This is a counter-curre, nt, stage- 
wise system ill which each stage is a horizontal cell 
through which solids are e.onveyed by a l)ad<lle-wheel. 
The paddles are de, signed to squeeze the solids as they 
leave the cells in order to re<hum the holduII of sol- 
vent and thereby reduce the mmlbcr  of extraction 
stages required. The miscella is clarified by t rapping 
the fines against a filter wheel, but attxiliary miscella 
elariflcation is generally r e q u i r e d .  This systc.m is 
now apt)lie(l to the. extraetion of cocoa beans and 
cottonseed. 

The Screw  Conveyor.  Although this is tile most 
siml)le tyt)e of extractor, it has had only limited all- 
plieation in this country. The I l i ldebrandt  extractor, 
Figure 4, was extensively used in Germany for soy- 
t)eans, and there are two installations in this country. 
For  successful ol)eration, careful flaking is required 
to avoid excessive fines in the miscella and to prevent 
choking with flues in the horizontal leg while at the 
same time maintaining a dense bed of-flakes in the 
columns. A recent at tempt to apply this extractor to 
the direct extraction of cottonseed ended in failure. 

DETREX EXTRACTOR 
PI(L 5. 

The l)etrex extractor, Figure 5, has been applied 
on a small se, ale ill soybean plants, using t r ich lof  
ethylene as the solvent. The success of this extractor 
is in par t  due to the fac.t that  the flakes have the 
same density as the trichh)rethylene miseella so that  
there is intimate tin,tact between the tlakes and sol- 
vent. Miseella is removed through a screen scraped 
by the conveying element, and the flakes are drained 
by removal with an inclined screw conveyor. 

l 'erlical Column Tray  Exh'aclor.  There are three, 
systems using this type of e x t r a c t o r :  the Allis- 
( 'hahners, Anderson, and Bonotto systems. The feed 
enters at the top of the column and falls by gravity 
past partial trays counter-current to rising miscella. 
These extractors share in common the prolllems of 
renmving clear miscella and well-drained solids, and 
tile tendency of the miseella, becoming nlore coneen- 
trated and therefore heavic.r as it rises through the 
eohmm, to flow backwards. 

The Allis-(?halmers extractor (Figure 6) has sta- 
t ionary trays, each with a sector-shaped o p e n i n g  
through which miscella and solids pass, and a rotat- 
ing center shaft h> which are fixed l)a<Idles that sweel> 
the solids off the trays. Miscella leaves through an 
enlarged settling sec, tion at the top, and flakes are 
removed at the bottom by a Redler conveyor which 
earries them above the liquid level for d r a i n a g e .  
Auxiliary miseella elarification and flakes drainage 
are generally required. 

The Anderson extractor (Figure  7) is similar to 
the Allis-Chahners. The miscella is removed at tile 
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top through an ingenious settling chamber in which 
tile miseella ix hehl in long, narrow tubes to reduce 
convection currents. The flakes are removed at the 
bottont through a cone-plug squeezer which supports  
lhe liqtdd column and reduces the soiwmt holdup in 
the flakes. The flakes are conveyed away front the 
squeezer to the desolventizer by a Redler conveyor 
whieh extends above the liquid level in the extractor 
so that in case of mechanical failure of tile squeezer 
the contents (if the extractor are not dumi)ed. 

Tile Bonotto e x t r a c t o r  (Figure 8) has , 'otating 
trays and stationary paddies. It is claimed for this 
extractor that it runs full of solids, through which 
the liquid percolates in a rotating spiral path. The 
flakes f a l l  vertically, without agitation, and are re- 
moved at the bottom through a squeezer. The partial  
miscella is drawn off counte, 'current to the entering 
flakes through a run -a round  Realtor,  in which the 
greater part  of the extraction takes plaee. 

The Basket Exh'actor. The Basket extractor (Fig- 
ure 9) is the most widely used for soybeans despite 
tile fact that it is a bulky, (:omplit.ate(l machine. Its 
major advantages arc that it produces, without aux- 
iliary equil)ment , clear m i s e e l l a  and well-drained 
flakes. Flakes enter tile extractor through a cam- 
operated double-gate hopI)er which serves both as a 
volmnetric feeder and vapor seal. Tile baskets nlove 
around the closed circuit and are inverted as they 
pass over the head sprocket to dunlp tile extracted 
flakes. Fresh solvent from a gravity-flow tank is 
sprayed, through a cam-operated valve, into each 

FEED SEAL / 

MISCELLA 

MISCELLA CLARIFIER 

EXTRACTED 
SOLIDS 

I , , , , -  

ANDERSON E X T R A C T O R  
Fro. 7. 

basket in turn part  way up the ascending column. 
The flakes ill tile b a s k e t s  above the solvent feed 
point drain by gravity. The solvent percolates down 
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SOLIDS 
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through the ascending flakes to collect as half-miscella 
at the bottom, from which it is I)umped to a tank 
abovc the extractor. The half-miseella flows by gray- 
it3' through cam-operate(l valves to the d e s c e n d i n g  
baskets, through which the liquid percolates, collect- 
lug at the bottom as full-miscclla. 

To get good extraction in the basket e x t r a c t o r  
requires careful flake preparation and extractor op- 
eration. The solvent will channel through a poorly 
prepared bed of flakes. To overcome this, three exl?e- 
(lients are used: 

l .  C o n t r o l  the  p o r o s i t y  (~f the  f lakes  by  c a r e f u l  c r a c k i n g  a n d  
f l a k i n g ,  f o l l o w e d  hy r e d u c t i o n  in  f lake  size,  i f  n e c e s s a r y .  

2. l ' r o v i d e  a l i qu id  r e - d i s t r i b u t o r  on the  b o t t o m  of  each  
ba ske t .  

3. I n j e c t  the  s o l v e n t  i n to  t he  b a s k e t s  in  a su f f i c i en t ly  s h o r t  
i n t e r v a l  so t h a t  the  b e d  is f looded,  g u a r a n t e e i n g  u n i f o r m  
d i s t r i b u t i o n  of  l i qu id .  The  f lake  bed  wi l l  t h e n  i t s e l f  m a i n -  
t a i n  the. d i s t r i b u t i o n .  

The descen(liitg side of the extractor is especially 
subject to (.hanneling since there is Considerably less 
full-miscella than half-miscella, and the horizontal 
area of the basket is based on half-miscella flow. This 
eau be overcome by r e c i r e u l a t i o n  of full-miscella 
through the descending baskets. 

The Rotocel Extraclor. The Rotocel (Figure 10) 

Fro. 10. Artist's drawing of Rotocel extractor. 

is a I)ereolation-tyt)c extractor, in which the flakes 
move in a horizontal plane counter-current to the 
solvent, which is advanced by I)umps. The flakes are 
fed continuously, as a shtrry in miscella, to sector- 
shaped cells of a horizontal rotor. The flakes are 
supported in each cell by a perforate(t, screcned door, 
whi('h at the proper time opens over a discharge hop- 
per to (hlmI) the extracted, drained flakes. As the 
flakes move around the cir(.ular path, they are flooded 
by successive ndscclla washes of gradually decreasing 
~.om.cntration. The liquids draining from lhc cells 
collect under the rotor in stage basins from which 
they are pumped by stag(; 1)umI)s. The flakes arc 
finally sprayed with fresll solvent, then permitted 
to drain by gravi ty before they are discharged from 
the eclls. The final miscella is filtered tllrough an 
established bed of flakes before it leaves the extractor. 

The Rotoccl extractor retains the advantages of the 
basket extractor while improving on some of its weak- 
nesses. The major a(tvantages of the R()to(;(;l are that 
it does m)t demand the tall building required by the 
basket extractor an(t that it is more flexible in ()per- 
ation, requiring less control of i)reparation and a 
h)wer solvent ratio. 

In the basket extractor sufficient solvent must be 
fed to get good hydraulic action on the flakes. Al- 
lhougll the amount of solvent required to l)ercolate 
(low, through the t)askets may be reduced by decreas- 
ing the porosity of the bed of flakes, this results in 
poor drainage from the extra(.h;d flakes so that the 
desolventizing load is shifted from miseella evapora- 
tor to flakes desolventizer without reduction in solvent 
ratio. In the Rotocel the amount of liquid pumped by 
the stage pumps is independent of thc solvent input 
rate aml (:a~l he controlled to maintain flooding in the 
(.'ells withoitt close attention to the porosity of the 
bed. Drainage of solvent from extracted flakes mov- 
ing in a horizontal plane is more (:oml)lete than from 
flakes moving vertically as in the basket extractor. 
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Rendering 
FRANK C. VIBRANS, Chief, Division of Fat and Oil Technology, American Meat 
Institute Foundation, Chicago, Illinois 

R ENDERING,  as it shall be used in this paper, has 
to do with the separation of the fat  from the 
fa t ty  or adipose tissue of land animals grown 

and slaughtered for meat. Tile 1)aper will be fur ther  
limited to rendering of the edible adil)ose tissue from 

swine, cattle, goats, and 
sheep for the produ(.tion 
of lard and tallow. 

Meat has been a human 
food for t h o u s a n d s  of 
years, and |he use of fat 
fr<)m land animals in cook- 
ing human food extends 
back to antiquity. But it 
was at a mueh more recent 
date that fats became an 
article of eommerce. Cat- 
lle, swine, and sheep we.re 
bronghl to North America 
from Europe in the last 
decade of the 15th century 
and (m several occasions 
during the early part  of 

F. C. Yibrans tile 16th century. These 
anhnals were the forebears 

of the domesticated meat animals of our colonial and 
more reeent times. They, with the wild animals na- 
tive to this country, furnished the meat and fat for 
the early settlers. 

The early meat packers in the United States were 
farmers who began preserving meat by packing it in 
salt; this meat came not only from cattle and swine 
but also venison and bear. These operators, in the 
words of a popular song, " b y  doing what comes nat- 
n r a l l y"  built paeking-houses which were just en- 
larged farm slaughtering establishments. 

Around the mi(ldle of the 17th century a consider- 
able quant i ty  of salt pork and beef was sent to Boston 
to help supply that city with meat for the table. As 
cities grew, more packing-houses were formed to sup- 
ply them with fresh meat. Many of the packing- 
houses served only their own community, but  some of 
them salted meat and shipped it to other cities. 

Centralized slaughter and selling of fresh meat was 
a more or less seasonal business until natural  ice was 
eml)loyed to keep the meat from spoiling. The era of 
Hatural ice refrigeration was followed by the develop- 
meat and use of artificial refrigeration. The first me- 
chanical refrigerator was installed in a packing-house 
in (?hicago in 1880. The transportat ion of fresh meats 
from paeking centers to the large eastern cities was a 
problem which was not solved until the late 1870's 
with the industrial development and general use of 
the refrigerated railroad cars. 

The fa t ty  tissue from meat animals which is not a 
part  of the carcass or which is tr immed off from it in 
preparing the carcass for market is the raw material 
from wbieh lard and tallow is rendered. The total 
amount of this fa t ty  tissue taken from the cattle, 
sheep, and swine commercially slaughtered for meat 
in the ]Tatted States, varies somewhat from year to 

yea/';  but for the year 1947 these fats yiehted 2,427,- 
000,000 pounds of lard and 182,000,000 pounds of e(ti- 
blc tallow, oleo oil, and ()leo stearin. 

in  rendering fa t ty  tissue for the t)roduetion of lard 
and tallow, in addition to obtaining maximum yiehl 
of fat, the processor must also strive to produce a 
light-colored fat  with a miniature of free fa t ty  acids 
and good keeping quality. To accomplish this the fats 
must be rendered as soon as possible af ter  the animals 
are slaughtered. The amount of free fat ty aeids an 
animal fat contains is a good indication of whether 
the fats were properly handled before they were ren- 
dered. This is true because assoeiated with all fa t ty  
tissue are fat splitting enzymes whieh, as soon as the 
animals are dead, start to hydrolize the fat with the 
formation of free fa t ly  acids and glycerine. Ilow- 
ever to avoid misinterpreting a free fa t ty  acids deter- 
ruination, the method used in rendering the fats 
shouhl also be known. The viseeral fats are hydro- 
lyzed more rapidly than the carcass fats when heht 
at the same temperature so it is especially important  
that the fats from the killing floor be rendered with- 
out delay. I f  they cannot be rendered promptly, the)' 
are chilled quickly and held at as low a temperature 
as economically feasible. 

The rate at which fats are decomposed by enzymes 
and the effect of temperature on the rate of hydroly- 
sis arc shown in the following charts:  
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The fa t ty  tissues to be rendered are usually deliv- 
ered to the tank house in one of two ways. Either the 
fats are accumulated in trucks or buggies and wheeled 
to the rendering department  and dumped into the 
rendering tanks;  or in houses where the killing and 
cutting floors are directly above the rendering tanks, 
the raw fats are sent to the tanks through gravity 
chutes. 

When the amount  of raw killing and eutting fats 
is sufficient to fill several rendering tanks, they are 
rendered separately;  but  when the total amount of 
raw fat is small, it is all put  together in a tank and 
rendered at one time. Killing fats are the visceral 
fats and other fa t ty  tissues which are taken front the 
carcasses on the killing floor. Cutt ing fats are the 
skeletal fats which are trimmed from the chilled car- 
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casses when they arc dismembered on the cuttil~g 
floor for sale and /or  processing. These fats inchnh' 
back fat, ham and shoulder trimming, etc. 

As would be expected, the rendering of the vast 
quanti ty of fa t ty  tissue necessary to I)rodtn:e over 
2,600,000,000 pounds of lard and tallow is done in 
many establishments, ranging in size from the small 
abattoir  to the large packing-houses. The number of 
these plants is large, and there is wide variation in 
tile estimates found ill thc trade journals. Thc 1947 
l~nited States (?cnsus of Mamffa(.turers lists over 
2,000 different commercial plants rendering edit)le 
fats. 

Open Kettle Rendering 
Like all early industries exi)anding from scratch, 

the scientific background for enlarging tile equipment 
was governed by t h c " r u l e  of t humb , "  so open kcttlc 
rendering equipment was the first to be used in pack- 
ing-houses. I t  was just an enlargement of what had 
been used on farms. Thus the first commercially ren- 
dercd lard and tallow were made from fa t ty  tissues 
cooked in open iron kettles, which were hcated (li- 
reetly with wood fires. As centralized slaughter in- 
creased in vohnne and packing l)lants built boilers to 
supply the t)lants with steam under t)ressure, the ren- 
dering tanks were jacketed and heated with steam. 
The open wood fires became a thing of the past. Then 
later, to facilitatc more even cooking and less scorch- 
ing of the fat, the tanks were also equipped with me- 
chanical stirrers. Insulated equil)ment of this type is 
in common use in many plants at the present time. 

In plants where more than one rendering pro(-ess 
is used, open kettle rendered fats are produced only 
from the fa t ty  tissues that are most easily rendered. 
For example, open kettle rendered lard is made from 
leaf fat, which contains about 95% fat, or a mixtnrc 
of leaf fat and back fat. Back fat  contains about 90% 
fat. In  many small plants however all the fresh fats 
are hashed and rendered in an open kettle. 

Thc common operating procedure is to turn the 
steam into the jacket and then start hashing the fa t ty  
tissue, letting it drop directly into the tank. This op- 
(,ration is eontimmd until  the kettle is complctcly 
charged. Af ter  the tank is filled, the rendering pe- 
riod may be considered in two parts. During the first 

period most of the water in the tissues is rapidly 
hoile(l away. And so long as there is an cxcess of 
wate, r prcscnt, there is i)ractically no danger of burn- 
ing tile fat and there is very little tcmperaturc risc 
even though full steam is maintained in the jacket. 

The second part  of the rendering operation begins 
after most of the water has been removed from thc 
tissues and the teml)cralure of the fat ill tile kettle 
rises slowly. When this point is rcached, the steam 
I)rcssnre in the jacket is reduced to prevent burning;  
and a short time before the cook is completcd, it 
should be completely shut off. The maximmn cooking 
lemperature shonld not be more than 240~ The 
cook is finished when the cracklings are dry enough 
to be satisfactorily pressed. There is no entirely sat- 
isfactory method for determining when this point has 
been rcached, but  therc are three things which must 
be (.onsidered in arriving at the proper end of the 
cook: 1. the fat must be cooked h)ng enough to pro- 
duce a good yield, 2. the cracklings must be dry 
enough so they can be satisfactorily pressed, and 3. 
cooking must not be continued so long at a high tem- 
perature that the rendcre(l fat will get dark-colored 
and possibly bm'ned. 

[,.'nder normal c.onditions it requires about three 
hours to cook a batch of fat. The exact cooking time 
depcnds of course on the size of the tank, the steam 
pressure in the jacket, and the quality of the fat. 
When in the judgment  of the operator the s e e k i s  
don(,, the contents of the kettle are dropped into a 
strainer box with perforatcd bottom. The cracklings 
are retained in the box, but tile liquid fat  runs 
through the I)erforated bottom into a receiving tank. 
The hot fat is next freed from fine cracklings by 
st raining it through two or more thicknesses of checsc- 
cloth and then run into a storage tank, from which it 
is packaged without fur thcr  trcatmcrlt. Open kettle 
rendered lard is ahnost always sohl without deeolor- 
izing or filtering. 

Although there are still many small companies mak- 
ing oI)en kettle rendered lar(l an<l tallow and a few 
larger ones making some open kcttle rendered prod- 
ucts for specific purposes, the total volume of open 
kettle rcndered fat is relatively small when compared 
to the total production of edible aninlal fats ill the 
I L S .  

Steam Rendering 
More than 80'~, of all edible fats are steanl ren- 

dered. This t)ro('ess is sometimes called wet render- 
ing. [t consists of hcating dirc(.tly with live steam the 
fresh fats contained in closed cone-bottomcd, usually 
uninsulated, steel tanks. The tanks are made in vari- 
ous sizcs, but  they are usually made so the depth is 
about twice thc diamete, r. The tanks are e, quipped 
with a charging door, a vent line and safety valve on 
top, draw-off cocks on the side, steam inlets in the 
lower part  of the cone, and a quick opening gate wtlve 
on the bottoln of the cone for duml)ing tile tankage 
and tank watcr. 

Ordinarily a plant is eqniI)I)ed with enough steam 
rendering tanks so thcy are used only once a day. 
I[owever dur ing the busy season some packers use 
their rcndering tanks twice in 24 hem's. 

The unhashed fats are charged into the tank until 
it is filled to about three feet from the top. The charg- 
ing door is then closed and live steam turned into the 
tank through the steam inlets near the bottom of the 
tank while the vent line on the top of the tank is 
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open wide. The vent on the top of the tank is left 
open mltil all the air in the tank has been replaced 
with steam. The vent is then closed and a steam pet 
cock attached to the top of the tank opened and left 
open throughout the cooking I)eriod. After tile vent 
lille is closell, the steam pressure in the tank gradu- 
ally builds up until tile pressure ill the tank is equal 
to tile pressure in the steam line. 

The pressure at which fats are cooked varies be- 
tween 30 and 60 t)ounds gauge. The tendImcy at pres- 
ent is to cook at a higher pressure than formerly. 
When the eooking pressure is increased, the cooking 
time is shortened. Apparent ly  it does not make much, 
if any, differimcc on lhe yield or tile quality of the 
rendered fat whether the fa t ty  tissues are cooked at 
40 or 60 pounds pressure, providing the cooking tinle 
is adjltsted aeeordingly. I)el)ending on the size of the 
tank an<l the cooking pressure, tanks are usually 
cooked for 3 to 6 hours after full pressure has been 
built up in them. 

Allhough the size of pieces of fa t ty  tissue that are 
charged into a steam rendcrillg tank receives very 
little if ally consideration, the length of the cooking 
time can be greatly affeeted by hashing the fats. 
Batches of entting fats requiring three hours to i,ook 
at 47 pounds steam pressure can be comI)letcly cooked 
ill one hour when the tissues are put tllrongh a sau- 
sage grinder eqnippe(l with a one inch plate, l)ata 
which illustrate this are shown in Tabh,s I and I I:  

T A B  I ,E I 

* S t e a m  R e n d e r e d  
N o n - l t a s h e d  F a t s  

27- 
. P e r  ( ' e n  F . F . A .  

S ize  of L e n g t h  L a r d  ] , a r d  
'Pest  ( ' h a r g e  ol  I n  L a b .  I n  l , a r d  [ Y i e l d  S t a b i  i ty  
No.  L b s .  Cook R e n d e r e d  After % A . O . M .  

Na t  S~t t  i n g  M e t h o d  

7 B  1 4 0 5 9  ] :1 h r s .  o . 3 6  0 5 5  i 8 0 . 4  (i h r s .  
8 B  1 , t 6 5 o  ' 3 h r s .  i 0 . 2 3  0.,11 : 7 2 . 5  5 h r s .  
9 B  1 2 9 1 6  a h r s .  I o .31  0 . 5 7  76.:-1 (i h r s .  

l O B  1.4 181 . I h r s .  0 . ~ o  (I .67 7 4 . 8  6 h r s .  
11 B 1 ,1279  I 3 h r s  I , )2:~ t, 4 5  8 5 5  6 h r s .  

. . . . . . . . . . .  ] 

A v e r a g e  . . . . . . . . . . . .  I 0 . 2 9  0 . 5 3  7 7 . 9  5 .8  h r s .  

This rendering process is the sinai)lest of any of tile 
nlethods used for separating fats from the fa t ty  tis- 
sues. Any and all kinds of fa t ty  tissues can be suc- 
cessfully rendered in a steam tank without ally spe- 
cial precaution or ehange in method of operation. 
Fool-proofness is a big point in its favor bee, ause most 
fats are riul(li~red at night when operational darkness 
abounds and supervision is m i n i m a l -  conditions 
which make for processing mistakes that arc selIlIml 
seen and less frequently reported. The large amount 
of water present ill tile tank with the fats makes it 
impossible to burn the fat and about the only thing 
over-eooking will do is to increase the free fa t ty  acids 
beyond that which is neeessary. All the time while 
the fat is under pressure in tlle rendering tank, free 
fa t ty  acids are slowly being formed and the rate at 
which the fat is being hydrolized, under any set of 
c.onditions, is quite mfifornl. A few years ago a study 
was made on the rate free fa t ty  acids were formed 
when cutting fats were steam rendered at 47 l)ounds 
pressure, lYnder the (.tmditiorls of these experinwnts 
the rate at which free fa t ty  acids were produced in 
tilt, rendering tank when the tank was at full pres- 
sure, was aI)I)roximately 0.06~ per hour. 

T ( ~  1 
No.  

4 
,5 
6 A  
TA 
8 A  
9 A  

IOA 
1 1 A  

S i z e  of 
C h a r g e  

L b s .  

T A B L E  I I  

S t e a m  R e n d e r e d  
H a s h e d  F a t s  

P e r  ( ! e n t  F . F . A .  I 
L e n g t h  . . . . .  ~ - -  I L a r d  

of  I n  L a b .  I n  1 , a r d  I Y i e l d  
Cook  R e n d e r e d i  A f t e r  I % 

F a t  ' S e t . t l i n z  

9 8 8 4  1 h r .  
9 6 9 0  1 h r .  
9 8 8 4  1 h r .  
9 6 9 0  I h r .  

1 2 5 1 2  h r .  
1 2 5 1 1  ~ h r .  
1 2 6 2 0  h r .  
1:34:10 1 h r .  

A*,'er~l g e  . . . . . . . . . . . .  

0 . 2 7  
0 . 2 2  
0 . 2 7  
( 2 ' )  
o2:; 
o::5 
0 . 2 8  
o . 3 7  

0 . 2 7  

L a r d  
S t a b i l i t y  
A . O . M .  
M e t h o d  

o.a(~ . . . . . . . . . . . .  

o.31 7ii:2 ...... 0 . 3 6  "" I 6 h r s .  
0 . 3 1  
0 . 3 0  7 6 . 2  5 h r s .  h r s .  
0 . 4 2  I 8 ~ 6 ,.~ h r s .  
0 . 4 2  83 .,1 6 ] l rs .  
0 . 4 8  ' 7 1 . 3  5 h r s .  

0.:17 5 .2  h r s .  

The data in Table l l I  show the rate at which the 
free fa t ty  acids are formed during the rendering 
operation. 

To conchl(h' the cook the steam is turned off and the 
vent line is part ly opened. I f  the pressure in the tank 
is re<tuce<l too rapidly, tile tank water boils up vigor- 
ously and may form all ennflsion with the rendered 
fat. This emulsion is difficult to break, and the set- 
fling time is greatly lengthene(l even thongh fine salt 
is sprinkled on the surface of the fat in the rendering 
tank. After  the tank water has separated, the clear 
fat is run off through a draw-off cock on the side of 
the tank provided for this purpose. Rendering tanks 
are usually equipped with two draw-off cocks, placed 
about 18 inehes apart. All the fat is usually drawn 
off througlf either one or the other of these cocks. To 
inake this possible water is run into tilt' bottom of the 
tank, which lifts tile fat to a position so it will all run 
out. IPhc, fat as it leaves the rendering tank is run 
through a separator whieh removes most of tile water 
that  may have been earried over from the tank with 
the fat. From the separator the fat is run into a shal- 
h)w tank equipped with steam c, oils, ill which it is 
fur ther  settled and dried. Front this tank tile fat 
may be trarlsferred to storage or it may be bleached 
and packaged. 

Steam rendered fats have a charaetiu'istie odor and 
flavor. And although the comparison is not exact, tlle 
odor of the fat resembles the odor and flavor of boiled 
nleat from the sanle st)cotes of animals. For  examIflC, 
the flavor and odor of steam rendered lard ap- 
proaches that of boiled pork. 

Prime Steam I Jal'd is a Board of Trade ternl which 
nleans steam rendered lard that has been settled and 
dried but which has ln)t been bleached or filtered. A 
bleached or filtered lard is not acceptable for trade 
on the Board. lTntil a few years ago Prime Steam 
Lard was the only lard that eould be bought or sohl 
on the Board of Trade. But in Ju ly  1946 the Board 
acted favorably on reqnests by a number  of manu- 
faetm-ers of dry  rendered lard that their product be 
aecepted as a eomnlodfly for sale ml tlle Board. This 
action went into effect in Ju ly  1947 so that now both 
Prinle Steam Lar(1 and Dry Rendered ba rd  may be 
bought and sohl without discl'imination on the Boar(1 
of Trade. 

Dry Rendering 
After  the steanl jacketed tank had been put in nse 

in pat.king-houses and vacmun cquil)mcnt became 
avaihlble, the two were combined and applied 1o the 
rendering of animal fats. 'Pile tank used for making 
dry  rendered lard and tallow is known as a dry  
melter. I t  consists usually of an insulated horizontal 
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P e r  C e n t  F . F , A ,  
T e s t  i i n  L a b o r a t o r y  
N o .  R e n d e r e d  Y a t  

l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; 0 . 2 1  

::::::::::::::::::: :::::::::::::::::::::::::::::::::::::: 0.25 
0 . 2 6  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; 0 , 3 1  
1 0 B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 3 0  
1 1  B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 0 . 2 3  

A v e r a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 2 6  

T A B L E  I l l  

F . F . A .  P r o d u c e d  D u r i n g  R e n d e r i n g  
S a m p l e s  T a k e n  a t  t l o u r l y  I n t e r v a : s  

A f t e r  H e a t i n g  U p  
Plus 

1 I l r ,  C o o k  

A f t e r  
2 H r s .  

C o o k  

0 . 3 3  0 . 3 8  
0 . 3 3  0 . 3 6  
0 . 3 2  0 . 3 8  
0 . 3 6  0 . 4 2  
0 . 3 3  0 . 3 6  
0 . 2 7  0 . 3 2  

0 . 3 2  0 . 3 7  

P e r  C e n t  F . F , A .  

A f t e r  A f t e r  
:/ l i r a .  4 H r s .  
Cook ('ook 

0.44 0.52 
0 . 4 5  0 . 5 1  
0 . 4 5  . . . . . .  
0 . 4 6  . . . . . .  
0 . 4 6  . . . . . .  
0.37 . . . . . .  

0 . 4 , t  f).51 

After 
P e s s u , e W a s  A f t e r  

I C e m o v e d  S e t t l i n g  

0 , 5 5  0 . 5 6  
0 , 5 6  0 . 5 8  
(I ,52 0 . 5 4  
. . . . . .  0 . 5 7  
. . . . . .  0 . 6 7  
. . . . . .  0 . . t  5 

o:M .__0.._5~ 

steam-jacketed cooking tank with charging door, vent 
line, vacuum line, discharging door, and sampling de- 
vice. I t  is also equippe<t with a mechanical arm agi- 
tator extending the length of the tank to stir the ma- 
terial while it is being cooked; this keeps the surface 
<if the shell clean to insure good heat transmittance 
from the steam in the jacket to the contents of the 
tank and prevents darkening <)f the rendered fat. 

l)ry melters arc nmde in various sizes so one can 
be purchased which will handle up to about 12,000 
pounds of fat per charge. And the turn over time on 
a dry melter is aI)proximately four hours. 

There is no limitation on the type of fats that nlay 
be rendered in a dry melter and the fats may or may 
nol bc hashed. But since small pieces of fat always 
render more quickly and nnifornlly than large pieces, 
many operators hash tile fats as they are charged into 
the melter. 

Dry melters may be and are operated in a number 
of different ways. For  example, cooking may be done 
under pressure, at atmospheric pressure with the vent 
open, or under vacuum. And the cook may be finished 
at atmospheric Ilressure or under vacuum. No matter 
what ()llerating procedure in used, the teml)erature of 
the fat must not get too high. I f  rendering is done at 
too high a temperature, the fat will darken and pos- 
sibly be scorched. The steam l)ressure in the jacket 
is controlled so the temperature ill the tank, except 
when the initial cooking is done under pressure, ncver 
gets above 240~ There is no satisfactory way to 
know when a tank is cooked. The temperature of the 
fat in the tank does not necessarily give, an accurate 
indication of tile m<)isture content of the cracklings. 
If 240~ is reached before, the cracklings are dry 
enough to 1)ress, the steam pressure in the jacket is 
reduced and the cook continued. The cook is consid- 
ered done when a sample of cracklings, drawn from 
the tank through a santpling pipe by the operator, 
feels dry enough to press without squirting from the 
press when the pressure is put on them. To fin<l the 
end point, samt)les of eraeklings are taken every 10 
or 15 milmtcs towards the end of the cook. If the 
tank is over-cooked, nothing (tall be done about that. 
A good experienced operator Call judge tile dryness 
of the eracklings quite closely, but  a less experiencc<t 
person may rml into a lot of trouble, both with re- 
spect lo yieht of fat and also with pressing tile crack- 
lings. The cook is terminated when, in the judgment  
of the oI)erator, the cracklings are dry  enough to 
press. When this point is reached, the vacuum is bro- 
ken on tile cooker and the discharge door opened 
slowly, permit t ing tile contents of the melter to flow 
into a tank made with a perforated false bottom 
which retains the eraeklb, gs and allows the fat to 
drain through. The fat is then either strained through 

cheesecloth and packaged; or it may be bleached 
and /o r  just  filtered and packaged. 

Dry rendered fat resembles open kettle rendered 
fat in many ways. It  has low free ta l ly  acid. good 
stability, and a flavor and odor resembling <lpen ket- 
tle rendered fat. 
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layers of cheesecloth into a settling tank and dried. 
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the way the rendering tank resembles a drip coffee 
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steam ejector. The raw fat  is charged into the upI)er 
chamber,  the charging door closed, and heat and vac- 
uum applied. The fat,  as it separates frmn the tissue, 
runs through per fora ted  plates placed in tlle bot tom 
of the uppe r  chamber  and into the lower section in 
which it is refined, bleached, and dried. 

The theory on which this rendering t)roeedure is 
predicated implies that  the fa t  as it is rendered f rom 
the fa t ty  tissue by  dr ipping  into the lower chamber  
is immediately separated f rom the cracklings. In  
practice however a considerable amount  of fine crack- 
lings also passes through the perfora ted  plates into 
the refining compar tment  so the ant icipated advan-  
tage of the process is at least pa r t ly  nullified. Never- 
theless by the use of a ra ther  large anmunt  of sodium 
bicarbonate  and act ivated carbon a light-colored, low 
free fa t ty  acid and mild-flavored fa t  is produced. 

Con ti.nuous Rendering. There are a number  of con- 
t im mus rendering plants  in EuroI)e. And within the 
past  few mouths a l)anish continuous rendering lflant, 
known as the Titan process, was put  in operation in 
Canada for processing edible fats. The plant  has a 
rated capacity of 3,000 pounds of fa t  per  hour and the 
fats  ])ass through the plant,  f rom hasher to clear dry  
lard or tallow, in less than 15 minutes. 

This is a steam process in which the fats, a f te r  
hashing in a steam-jacketed grinder,  pass through a 
I)re-heater and into a cooker where they are fu r the r  
heated with live steam. The comminuted fats  are al- 
most completely rendered in the few minutes while 
they are in the cooker, and the rendering is completed 
when the pressure is taken off the hot sh l r ry  of fat,  
fiber and tank water  as they leavc the cooker. The 
sudden release of pressure disintegrates the fa t ty  cells 
which had not been rup tu red  by heat  and also breaks 
up the tissue. 

The larger  pieces of tissue in the s lur ry  are sep- 
arated from the fa t  and watcr  in a rota t ing drum and 
then pressed. The rendere(l fat  is coml)letely sep- 
ara ted frbm the tank water  and fine fiber by two ccn- 
trit 'ugations. Near ly  all the water  and fiber are re- 
moved from the fa t  in the first ccntrifuge,  and thc 
remaining water  and fine suspended mat te r  are re- 
moved in the second. The fa t  f rom the second cen- 
ti ' ifnge is clear an(l free f rom water  so it may be put  
in storage or packaged for  sale without fu r the r  
t l 'eatment. 

La rd  produced by  this process is repor ted to have 
a miht flavor, with low free f a t ty  acids and good keep- 
ing quali ty 

Circulation Rendering. A circulation rendering 
procedure was developed about 20 years ago for ren- 
dering inedible fa ts  and is in use in several plants  of 
the company whieh developed it. Essential ly it is a 
dry rendering unit  operat ing under  vacuum and us- 
ing exhaust steam in the heat exchanger.  

The mater ial  to bc rendered is hashed and circu- 
lated through a heat exchanger with a ro ta ry  p u m p  
unti l  it is rendered. Above the heater  is a large flash 
chamber  in which the water  is evaporated.  The vapor  
is drawn off the flash ehamher through a separa tor  
into a barometr ic  condenser. Vacuum is mainta ined 
with a steam ejector. When dry, the mixture  of fa t  
and cracklings are pumped  to a settling tank. Af te r  
the tank  has settled, the superna tan t  fat  is siphoned 
off and the eraeklings are pressed either in an expel- 
ler or in a hydraul ic  press. 

The Use of Enzymes in Rendering 
Four  or five years  ago a patented I)rocess which 

uses a proteolytic enzyme concentrate was announced 
as a mater ial  aid to the render ing of fats  f rom animal 
tissues. The use of these enzymes does not take the 
place of a s tandard  render ing procedure, but  the pat-  
cnt claims that  if the hashed tissues are t reated with 
the enzymes arid then rendered in the usual way, the 
cooking time will bc reduced 30 to 70% and the yiehl 
will be increased by  about  7.5%. The process also 
claims the product ion of a fat  with improved flavor, 
less free f a t ty  acid, and bet ter  keeping quality. 

There has been considerable interest in this ad- 
jml(.t to commercial rendering,  but  there are no data 
available on how much success has been had with its 
use in commercial  plants.  

Rendering in the Presence of NaOH 
5Iore recently, in I )ecember  ]948, another  patented 

process for  render ing edible fats  appeared.  In  this 
procedure the hashed f a t t y  tissue is digested with a 
specified amount  of alkali. Uuder  the t empera ture  of 
the patent ,  180-]90~ the alkali digests the non-fat  
tissue solids but  does not promote an appreciable  
amount  of fa t  hydrolysis.  Af te r  digestion, 30 to 60 
mimltes, the mixture  of fa t  and digested tankage is 
run into a centr i fuge in which the fa t  is separated 
f rom the aqueous digestion liquid. The fat  is then 
washed free of soap with water  and dried. After  dry- 
ing, it is ready for storage or fu r the r  processing. No 
data arc available to show whether  the process is com- 
mercial ly feasible. 

Two other procedures  have .been  tr ied experimen- 
tal ly to separate  fa t  f rom animal  f a t ty  tissue. These 
probably  should be mentioned al though there are no 
data or even claims available to indicate what might  
be expected f rom them. 1. The applicat ion of infra-  
red rays for  heat ing a layer  of comminuted fat  spread 
out on a belt  conveyor which could be passed under  
a bank of inf ra- red  lamps, similar to the a r rangement  
used commercial ly for  baking cookies, has met with 
some small-scale success, bu t  data  on the experiments  
are not available for  our use. 2. Exper iments  on cook- 
ing fats  have been made with high f requency equip- 
ment,  similar to that  used in the plywood indust ry  
for melt ing the adhesive between the layers of wood 
before pressing. And al though the fa t  can be sep- 
ara ted f rom the tissues by  this procedure,  there are 
rio data available for  evaiuat ing the process. 

So much for processes. Now a word about  process- 
ing trends in the industry .  There is an increased in- 
terest by  the smaller packers  in d ry  render ing edible 
fats. This is especially t rue  with packers  who dry  
render  the inedible fa ts  and who do not have evapo- 
ration equipment  to recover the dissolved protein 
compounds in t ank  water.  The use of dry  melters 
assists some packers with their  sewage problems and 
at the same t ime yields more high-grade tankage, 
which is in demand as an animal feed at a good price. 

A fu r the r  interest  in dry  rendering edible fats  may  
lie expected if the eonduct ivi ty appara tus  which is 
being developed for  continuously determining the 
moisture in the cracklings in a dry  melter  without  
removing them f rom the tank  is successful and suf- 
ficiently rugged to meet tank  room operation. 

At a time when indus t ry  is adapt ing  its processes 
to continuous operation wherever  possible, the contin- 
uous render ing of edible animal fa ts  will undoubtedly  
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be given nlore thought and serious consideration in 
the l;nited States. With lhe improved and efficient 
heat exehangers which are now available, e, omminuted 
t'ats can be quickly heated to effect complete separa- 
tion of fat and fiber. The resulting slurry can then 
be put through a centrifuge to separate the fat  from 
the tankage and tauk water. Interest  in continuous 
rendering has lagged because the cost of continuous 

rendering equipment is considerably more than the 
exi)enditure necessary for the tanks used in batch 
rendering. However, with the application of newer 
ideas on design, there may be a saving in steam, room 
spaee, etc., which will make the eontimmus method 
competitive. In this ease, eontinuous rendering units 
can be expected to rel)laee some of the batch plants 
llOW ill liSP. 

Batch Against Continuous Refining of Vegetable Oils 
B. H. THURMAN, Consulting Chemical Engineer, New York City 

A IAJ crude x'egetat)le oils contain non-glyeeride 
constituents commonly known to be impurities, 
in addition to free fa t ty  acids. ,]amieson and 

others have identified by painstaking analysis a large 
number of these: 

Minor Constituents of Vegetable Oils 
Proteoses 
I'el)tones 
l?hytosterols 
Phytosteroline 
Inosite phosphates 
l'hospholipilm 
Resins 
Mueila.ginous sul~stnnees 
('a rbohydrates --R;tffilmSC, 

})en t os,i 11,'-i 
1 ' igment s - -X  anthophyll, 

Carotin, ChlorolflO'll 

()the, rs have found iso fla- 
vone glycosides i n c l u d e d  
with pigments, and sapon- 
ins have also be(m isolated. 

A noticeable odor of 
ammonia ean be e, asily rec- 
ognized when caustic soda 
solution is added to many 
vru(te cotton oils in batch 
or kettle re.fining. [ have 

B. H. Thurman detected methane, a mer- 
captan, hydrogen, and am- 

ino nitrogell from cotton oil soapstoek in the eseapin~z 
vapors during high pressure digestion. It is certain 
lhat I)hosphorus coml)ounds an(1 nitrogen are carried 
away from the seed by the oil during expression. 

The major portion of these components are emnlsi- 
tiers or stabilizers in the presen(.e of alkalies, and it 
is difficult to remove them without excessive entrain- 
ment of the more valuable glyeerides. Because the 
largest portion is i)hosphatidie, it is practical to re- 
move a eonsiderable ammmt by precipitating with 
water and <,entrifuging or settling out. But the re- 
finer knows by experience that this water treatment, 
called degmmning, does not l>repare, the glyeerides or 
remaining treated oil for deo<lorizing into a stable 
l)alalable oil. l ie must alkali-refine ewm though de- 
gmmning may be reI)eated until only a mere trace of 
phosphorus is left. For some unknown reason <~rude 
or degummed oils will have strong undesirable flavors 
if deodorized at telnperatures above 350~ ]Jnfortu- 
nately oils deodorized at 350~ or lower will be bland 
in flavor but unstable and revert to some of the origi- 
nal crude flavor. Of course water treatment alone 

will not relnov,, sufficient 1)igments to meet ('olor 
st a ndards. 

Therefore up to now an alkali t reatment had to be 
given and an exvess used over that to neutralize the 
free fa t ty  acid. This excess eombines with these mi- 
nor constituents, including e, oh)r, and makes a heavy 
enmlsion with the soap from neutralized F. F. A. and 
water from the caustic solution, entangling valuable 
neutral oil. This mass when settled out or separated 
is a cheap by-product known as soapstoek and repre- 
sell tS t h e  relcillillg �9 loss.  

There is an added improvement apt)armfl, in fur- 
fural and propane refining, liquid-liquid, to promise 
some hope of elinlinatin~ alkali refining, but my as- 
sociates and I are convinced that these oils also should 
1)e alkali-refined to compare with tim best quality of 
palatable oils marketed. I f  hy(h'ogenati(m is also em- 
Ifloyed, there is a belier possibility of e, liminaling 
alkali refinin~z. 

FO Il years the well known refining kettle or batch 
mett;od was used to nfix in the alkali solution with 

the, crude oil, agitate, heal, and separate i~o  a two- 
phase oil and soai)stoek con(litton whereby the latter 
wouht setth, freely and eompact t ightly to eliminate 
mm'aimnent of neutral oil. It also was necessary to 
avoid over-heating the mass to prevent the neutral 
oil from sapolfifying on aeeount of an excess of alkali 
and causing steam formed from the water and the 
gas-like ammonia set free t)y the caustic to expand 
and tend to float the soapstoek I)artMes and beat 
them back into the oil and fail to gravity settle. All 
this technique was necessary and took pains and ex- 
perience and was costly due to enh'aimnent and sa- 
ponification of neutral oil. At times salt or sodium 
silieate of soda were added to the batch to bring 
about better separation of soapstoek and oil and com- 
pact settling. But the best experience and technique 
failed to snrmomlt tim ineffleieney of batch refining. 

For this reason years of research and experiment- 
ing w e r e  spent by mmwrous ones t ry ing to perfeet a 
better method. It remained for Benjamin Clayton to 
develop a caustic soda continuous refining I)roeess 
whiel~ saved up to 3(1~ of the refining loss incurred 
l)y batch refining, tits patents were issued about 12 
years ago. The main features of improvement were 
mixing in the course of seconds compared to minutes 
and heating to temperatures so much higher than 
feasible in the kettle. The soapstoek partMes melted 
totzetber better, and the viseosity of the neutral oil 
was reduced, thus permitt ing taster separation of 
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soap particles from the oil phase. A centrifuge was 
eml)h)yed for separation so that no long time exposure 
between oil, free caustic, and soapstock particles was 
necessitated as in the kettle, sometimes for over an 
hour, and a more compact oil-free soap by-l)rodnet 
resulted in a sizeable econolnic saving. Other advan- 
tages were saving in refining buihling space and mak- 
ing control of the, operation much more automatic, 
thus avoiding operators '  inexperience and careless- 
hess. It made practical the refinement of oils with 
excessive amounts of F. F. A. and inllmrities. This 
process was quickly adopted by refiners throughout  
the l;nited States and in many colmtries abroad (1). 

A word about the metho(ls used for measuring in 
the laboratory the quality and refining loss of a. cru(le 
oil is pertinent (2). The n]ethods and tile equil)nlent 
are similar to the batch kettle method. This nlethod 
eml)loyed c.austic soda of varying strengths, no other 
alkali couhl be used successfully. Long time exposure 
to the caustic, seal>stock, and oil is unavoidable, also 
a temperature range under 150~ which causes too 
little change in oil and soap viscosity to effect best LOS0 
separation of oil from soap and prevent neutral oil 
saponification. The large batch cammt usually be 
manipulated as well as the laboratory can as to tem- 
l)erature on both oil and soapstock. 

While the contimu)us caustic refining method over- 
c a m e  many difficulties in the laboratory an([ batch 
metho(1, tiler(, remained a gap between that and the- ~150 
oretical refilling loss (3, 4). This theoretical determi- 
nation is calh, d the Wesson Loss, also the Absolute ~.050~ 
Refining Loss. Briefly,. it consists of combining cans- ~o q~"' 
tic soda with the F. F. A. and minor constituents of a.~ ~I00 
a e]'ude oil which is first dissolved in petrolennl ether. < 

o 
Then 5()~ alcohol is a(tded to dissoh'e the soapstock ~.020~ 75 
in a bottom liquid layer, and the neutral refined oil o~ 
remaining in the I)etrohmm soh'ent is bh)wn off, eval)- (3 
orated, and weighed, the difference being impurities c) t- 50 

t~/ _j 
and F. F. A. Tile eUl) test loss is usually about double ul o 
the theoreti<,al loss on most vegetable oils other than ml.010 m 25 
the cocom]t famih- type. This prompted lhmjamin o < 

�9 , }- 03 
( ' ]ayton to develol) an entirely new and novel eontin- ~- 0 
nous process, known as the Soda Ash Oil Refining o o 
])rocess (5). For  the first time soda ash was employed ~[.000 
successfully as a refining agent. It. consists of a sys- - - - -  
ten} of mixing in concentrated so(la ash solution (20 ~ c~ 
Be.), heating to 210~ dehydratin(,z under vacuum 
or eval)orating off the water and carbon dioxide and 
other gases, then rehydrat ing with 20 ~ Be. soda ash .990 
solution (just enough to make the soaI)stock break 
out from the neutral  oil an<l not form an emulsion 
and be fluid enough to slide quickly along the walls 
of the centrifugal bowl), the]] mixing in flow a small I0s 
percentage of 20 ~ Be. caustic soda solution, centri- 
fuging, washing and drying the resultant refined oil. ~>" 
This process saves about 45c/ over tile batch kettle _ 75 
method and about 2 5 ~  over the caustic contilmous r 
method and often comes within 1/.,% �9 , over the theo- Iz: 5C 
retical loss, which is so close to the theoretieal that ;~ hi  
l i t t le  is left t(> gain by soh'ent refining liquid-liquid, m 25 

Such oils as peanut, soya, and corn often can be 
refined without the caustic step following soda ash 0 
neutralizing while cotton and linseed cannot be, on 
account of the different types of color pigments on 
which soda ash has little effect, necessitating caustic 
soda. There are times when the former oils contai ,  
an excessive amount of glycosides, both the sterol 

and iso flavone type, and perhaps other matters on 
which soda ash is ]lot as effective as caustic soda (6). 

T I I E  advantages of the soda ash method are obvi- 
ous. A non-saponifying agent is added to neutral- 

ize, the emulsion is broken by high temperature and 
evaporation;  then rehydrat ing with a concentrated 
solution, thus not forming an emulsion, and heating 
to a temperature of more than 200~ makes very 
effective centrifugal separation due to viscosity reduc- 
tion on both the oil and soapstoek. At  200~ the vis- 
cosity of the soapstock is a semi-fluid, and at lower 
temperatures it resists any flow but changes from a 
solid nmss to a semi-fluid around 180~ If such a 
temperature were used in the kettle or even continu- 
. . . . . . . . . . . . . . . . . . . . . . . .  
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CLAYTON CONTINIJOUS SODA ASH OIL REFINING PROCESS 

FLOW DIAGRA~ 
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ous caustic method, separat ion would be very  dif- 
ficult. 

The viscosity of the oil at 100~ is 35 centipoises; 
at  200~ it is 6.5 centipoises, and undoubtedly  all 
part icle settling follows the principle of Stokes '  Law, 

which is dependent  directly oil part icle size, and in- 
versely as to the viscosity of the medium lhrough 
which the particle travels or settles. One of the most 
accurate instruments for determining particle size in 
micron dimensions employs this principle of settling 
plotted against  time which is proport ional  to particle 
size. Another  factor  favor ing the continuous process 
is the use of centr ifugal  force to increase settling out 
and packing the soapstock particles to prevent  neutral  
oil en t ra inment  by  increasing gravi ty  several thou- 
sand times. The time exposure of the excess caustic 
to neutral  oil is reduced to a minimum, thus lowers 
saponification loss. 

I t  is well known that neutral  vegetable oils great ly 
resist saponification. In  the soda ash process no sa- 
ponifying agent is used unti l  a f te r  the P . F . A .  are 
removed. This permits  the use of a strong alkali, 
caustic soda in the second step of the soda ash proc- 
ess, which causes pract ical ly no saponification but  
great ly  reduees color and residual impurities.  

I t  is not practical  to use soda ash in the batch op- 
eration because of foaming and the impossibility of 
thoroughly neutral izing the P. F. A. of the oil. This 
reagent apparen t ly  orlly completely neutralizes under  
pressure and elevated tempera tures  that  are not prac- 
tical in batch operation. It  is evident f rom this thai 
the batch process never equalled the continuous meth- 
ods both as to economy or quality. 

Official rules for labora tory  refining of vegetable 
oils in order  to determine their  qual i ty both as to 
refining loss and color usually call for varying the 
excess and the strength of the caustic soda solution. 
Because vegetable, oils of any given type vary,  a bur- 
den is placed upon the refiner using the batch method 
likewise to carefully determine, pr ior  to adding caus- 
tic soda in the factory batch operation, the suitable 
excess and strength of solution for the lowest refining 
loss and best color of the oil. In the contimn)us soda 
ash refining method pract ical ly all oils are refined 
with a 20 ~ llaum6 soda ash sohltion both for neutral- 
ization and rehydration.  The caustic refining step in 
this process likewise can invar iably  use one strength 
of eanstic soda, p referab ly  20 ~ Be. Because the oper- 
ation of this process is (;ontinuous, a refiner can deter- 
niine the amount  of solution to a(ht in the first few 
minutes of the refining operation and adjust the 
quantities in accordance with rapi<l laboratory tests 
and determine if sufficient refining agent  has been 
added, thereby eheeking the, meter ing and proportion- 
ing <levice supplying the alkali reagents. It is also 
possible and practicable by making a laboratory anal- 
3"sis on the soapstock froni this ]>recess to calculate 
the refining loss to an aeem'ate degree in eompariso]l 
to the theoretical or absolute refining loss and to 
eheek closely with actual scale weights as to refined 
oil yield and soapstoek produced. 

Labora to ry  methods for these procedures are as 
follows : 

Refining, Unincorporated Method for  Determining 
Total Alkalinity in 0il  and Alkali Mixtures to 

Calibrate the Proportionometer 
P r o c e d u r e  : 

Ten g r a m s  of the oil and  a lka l i  mix tu re  are  weighed into a 
4 oz. oil sample  bott le .  About  25 to 35 c.c. warm water  is 
added and  sufficient methyl  o range  ind ica to r  is used to produce 
a definite yel low cast  to the solut ion.  The solut ion is t i t r a t e d  
wi th  N acid,  shak i ng  the bot t le  v igorous ly  a f t e r  each addi t ion  

10 
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l i o n  of  ac id .  The  t i t r a t i o n  is ( . on i inued  u n t i l  t he  end  p o i n t  
h a s  been  r c a c h e d  which  is  i n d i e a t e d  by  a n  o r a n g e  or  o r a n g e -  
r ed  color .  

Calc~dat ions : 

P e r c e n t  t o t a l  a l k a l i n i t y  as  Na:C()3 : 

P e r c e n t  t o t a l  a l k a l i n i t y  am N a O I I  : - -  

T i t r e  X .0053 X ] 0 0  

W g t .  of  s a m p l e  

T i t r e  X .004 X 100 

W g t .  of s a m p l e  

Pr oc es s  Contro l  C a l c u l a t i o n s  
F .F .A .  

P e r c e n t  Na=,CO~ to n e u t r a l i z e  :F.F.A. in c r u d e  o i l  : -  - 
5.3 

P e r c e n t  excess  Na2COs ~ % Na~(?O~ in d e h y d r a t o r  oil -- 

c~, Na.,CO~ to n e u t r a l i z e  

P e r c e n t  20 ~ Be. Na:CO:, d e l i v e r e d  b y  p ' rOl)or t ioner  - -  

% Na~CO.~ in  d e h y d ' t o r  oi l  - -  % Na2CO.~in c r u d e  oil  X 100 

R e h y O r a t i o n  C a l c u l a t i o n s  
A - = P e r c e n t  Na.~C0~ in oil  m i x  to  p r i m a r y  c e n t r i f u g e s  
B =- P e r c e n t  Na:C()3 in  d e h y d r a f o r  oil  
C -= P e r c e n t  Na ;C03  in  s o d a  a sh  s o l u t i o n  (20  ~ Be. --- 15) 

A-B X 100 
P e r c e n t  20 ~ Be.  Soda  Ash s o l u t i o n  r e h y d r a t i o n  = 

C 

Caust ic  W a s h  C a l c u l a t i o n s  ( R e - r e f i n i n g  S t e p )  
A - :  P e r c e n t  A l k a l i n i t y  as  N a O I I  ill 0il  m i x  to  s e c o n d a r y  

c e n t r i f u g e s  
B = P e r c e n t  A l k a l i n i t y  am Na()}{ in o i l  f ron l  P r i m a r y  

C -  P e r c e n t  N a O I I  in  C a u s t i c  s o l u t i o n  (20 ~ Be.  - -  1 4 . 4 % )  

A-B  X 100 
P e r c e n t  20 ~ Be. Caus t i c  W a s h  - - - -  

14.4 

Refining, Unincorporated Clayton Soda Ash Soap- 
stock Method of Analysis to Determine 

the Refining Loss 
MoisDtre  : 

Two to  f h r e e  g r a m s  of  s o a p s t o c k  a r e  w e i g h e d  in to  a t a r e d  
50 e.c. h e a k e r  c o n t a i n i n g  a s m a l l  s t i r r i n g  rod  a n d  a b o u t  10-1.5 
g r a m s  of coa r se  sand .  A f t e r  s t i r r i n g  wel l  to coa t  the  s u r f a c e  
of  the  s a n d  w i t h  the  soap ,  t he  b e a k e r  is d r i e d  fo r  3 h o u r s  in  a 
n l o i s t u r e  oven a t  105~ l ) u r i n g  t he  d r y i n g  pe r iod ,  t l le  s o a p  
is s t i r r e d  o c c a s i o n a l l y  to  p r o m o t e  ( ' omlde te  d r y i n g .  The  b e a k e r  
is cooled in a d e s s i c a t o r  to  room t e n t l ) e r a t u r e  a n d  w e i g h e d ,  

L o s s  in  t o t a l  w e i g h t  X 100 P e r c e n t  m o i s t u r e  - 
W e i g h t  o f  s a m p l e  

F r e e  Oi l :  

T w e n t y  c.c. a c e t o n e  is  a d d e d  to the  b e a k e r  c o n t a i n i n g  the  
r e s idue  f ron t  t he  m o i s t u r e  t e s t  a n d  s t i r r e d  wel l  to  d i s so lve  t he  
f r ee  oil  i n t o  t he  ace tone .  The  a c e t o n e  is  f i l t e red ,  p r e f e r a b l y  
t h r o u g h  a Gooch c r u c i h l e  i n t o  a 1" x 8" t e s t  t u b e  p l a c e d  i n s i d e  
a suc t i ou  f lask .  The  Gooch c r u c i b l e  ha s  p r e v i o u s l y  been  pre-  
p a r e d  w i t h  a s b e s t o s  a n d  w a s h e d  w i t h  a c e t o n e .  T h r e e  a d d i t i o n a l  
washes  of  15 c.c. a c e t o n e  each  "ire m a d e  of  the  r e s i d u e  in  t he  
b e a k e r  a n d  f i l t e red  in to  t he  t e s t  tube .  The  Gooch c r u c i b l e  iv 
f i na l ly  w a s h e d  w i t h  a s m a l l  a m o u n t  of  ace tone ,  a n d  t he  f i l t r a t e  
c o n t a i n e d  in  t he  t e s t  tu l )e  t r a n s f e r r e d  to  a t a r e d  150 c.c. 
Noxhle t  f a s k  a n d  the  a c e t o n e  e v a p o r a t e d  on a s t e a m  b a t h .  The  
f lask is d r i e d  fo r  ] h o u r  in  a d r y i n g  oven  a t  105~ cooled  a n d  
w e i g h e d .  

P e r c e n t  f r e e  oi l  = W e i g h t  of  oil  in f lask  X ]00  
W e i g h t  of  s a m p l e  

Some charts are given to show the effect of strength 
of caustic, the time of contact, and the temperature  
in relation to the amount of caustic combined with 
the g]ycerides, which reslflt in a loss of neutral  oil. 
One curve shows the specific gravi ty  and viscosity, 
temperature  relatiozl of cottonseed oil and caustic 
soda soapstoek, also the increase separabili ty corres- 
ponding to rise in temperature.  
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Solvent Refining and Fractionation of Fats and Oils 

WARREN H. GOSS, Scientific Research and Technical Development, Pillsbury Mills inc., 
Minneapolis, Minnesota 

T I I E  refilling or fract ionation of fats  and oils by 
means of solvents has been practiced in various 
forms for  a long lime, but  uumerous imI)roved 

])rocesses have heen introduced in recent years. Ex- 
amllles include fu r fu ra l  extraction, whiel;l has been 

described by Gloyer (4) 
and by Kenyon and Gloyer 
(5), the use. of propane as 
a sele/.tivc solvent, as in 
lhe Solexol process (1), 
and eontimmus crystalliza- 
| ion f r o m  s o l u t i o n  hy 
means of the s o - c a l l e d  
" E m e r s o l "  process, which 
has been reported by Dem- 
merle (2).  

In  the present  paIler the 
actual details of operation 
and equipment design will 
not be discussed since ad- 
equate d e s ( . r i p t i o n s  al- 
ready apI)ear in the liter- 
alure. Instead some inter- 
esting aspe('is of the the- 

W. H. Goss ories invoh'ed and the po- 
lential e f f e c t i v e n e s s  of 

these new methods will he discussed. F i rs t  of these is 
the extent to which the glyeerides are mixed in a 
nalural ly-o, 'em'r ing oil, soybean oil for examl)le, and 
what the llOssihililies are of being able to sel)arat(' 
these eoml)ov,ents into fractions. Then (.omparisons 
will he made hetwee,, liquid-liquid extraetio,i,  distil- 
la|ion, and crystallization. 

Glycer ide  S truc ture  

The natlu'ally-(w(mrri,~g fats aml oils are gl>'cerides 
of a number  of f a t ty  ac.i(Is whose (~()mposition and 
,.bai'a(.teristies are rather  well known. In Table I arc' 

' r A  B IA'I I 

( ' ha r} |c l (q ' i s ,  t.i<!g of  (~omm()n  F i t t v  A c i d ~  

J i .Numbe,"  I ~,olc('ular 
Acid N u m b e r  I ) o u b l e  I VCeigh t  of 

C A t o m s  Bonds ! T r i g l v c e r i d e  
- - [  . . . . . . . .  

P a l m i t i ( ' .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 { o " ~q)7 
S t e a r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18  { 0 ~!) 1 
O l e i e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18  1 ~ 8 5  
L i n o l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 '2 8 7 9  
I A n o l e n i c  . . . . . . . . . . . . . . . . . . . .  l lS 3 t473 

I o d i n e  
~ . ;a lue  of  

Triglyceride 

"o 
o 

86 
173 
262 

listed the fa t ty  acids occurring in soybean oil, which 
is an ex(.ellent examl)le to consider when discussing 
this subject, together with some of the distinguishing 
features of the individual acids. These acids are com- 
bined with glycerine in a mixed manner,  and typical 
examples of the mixed glyeerides occurring in soy- 
bean oil are as follows: 

i - linolenie I ----linoleie ] --- linolenic 
. -linoleie ---linoleie --oleie 

saturated -----oleie oleic 

The complete formula  for a typical  molecule of ibis 
type, namely, o leo l ino leo l ino len in i sas fo l lows:  

H 0 H H H H H H H H H H H H H H H H H  
| l l l l l | l l l l l l l l l l | I |  

H C ~ 0 - - - C - C ~ - C ~ ~ ~ - C ~ - C - C - C ~ H  
! I I I I I !  $ l I| 

H H H.H H H H H H H H H H H H 
[ O H H H H H H H H H H H H H H H H H  

f l t  I t t t I I I t I f "1 t t I I I 

HC--O----C-C~-C-C~-C~-C-C~-C-C~H 
I , , , , , , t , , , , , , ,, 
[ H H H H H H H  H H H H H H  
I 0 H H H H H H H H H H H H H H H H H  
| "' ''' ' ' ' ' ' ' ' ' '  '' '' 

HC~---C-C~-C~-C~=C-C~=C-C~=C-C-CH 
H H H H H H H H  H H H H  

I)ise.ussions of glyce,'idc structure usually concern 
the three cmnmon hypotheses for the mixed condition 
occurring in natural g]yceri(les, namely, the "maxi- 
mum" distribution, "random" distribution, and 
"simple trig]yceride" distribntion. The last named, 
although we know it does not exist in natural  prod- 
m.ts, is of practical  interest nevertheless because it ix 
ahnost identical with the distr ibution occurring in the 
mixed methyl esters obtained by the metlmnolysis of 
oil. 

Figure I is a grallh showing the calculated extents 
to which glyeerides of various types occur in a soy- 
bean oil having the fa t ty  acid composition shown in 
the upper  right corner. The results are shown for all 
three assumptions of distribution, namely, maxinmm, 
random, and simple triglyeeride. ]n each case blocks 
have been drawn to indicate, what  percentage each 
type of glyeeride rellresents of the total glyeeri(les in 
tile oil, the iodine value of the type of glyeeridc rep- 
resented by each block being plotted against  the per- 
eentage of tha t  par t icular  triglyceride. The glyeer- 
ides are considered f rom the s tandpoint  of the 
number  of double bonds in the entire molecule. As 
an illustration, oleolinoleolinolenin, the examl) lC 
shown above, contains 6 d<>uble bonds and has an 
iodine value of 17.'1. A glyeeride containing 1 satu- 
rated, 1 oleie, and 1 linoleie acid possesses 3 double 
bonds and has an iodine value of 86. 

The distr ibution caleulated in aceordarwe with the 
" m a x i n m m "  hypothesis is shown by  solid lines, there 
being three different types containing 6, 5, arid 3 dou- 
ble bonds respeetively. According to this method of 
ealeulation, therc are about 40% of glyeerides con- 
raining 6 (louble bonds and nearly 50% having 3 
double bonds, the remainder  being glyeerides with 5 
double bonds. 

Provided this calculated eompositi(m is used, it is 
possible to determine the greatest  amount  of separa- 
tion that could be achieved with respect to iodine 
valne between two fractions if a theoretically perfect 
frae.tionaling device were employed. The maxinmm 
difference in iodine value between the extract and 
rafflnate obtained in liquid-liquid extraction, for ex- 
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FIG. 1. Hypothetical  glyceride compositions 
soybean  oil. 

I00 

m a t y p i c a l  

aml)le, if the extrae(ion aI)I)aratus could be inade to 
per form perfeclly,  is determined by integrat ing the 
respective areas under  the " b l o c k s "  to the left  and 
to the right of a vertical line drawn to represent  the 
percentage yiehl desired ill the rest)ective fractions. 
Such e.alculations have been made for various as- 
sumed yiehls in order to obtain the two solid lines 
designated " m a x i m u m  raff inate"  and " n m x i m u m  
ex t r ac t . "  

A similar set of curves, i.e., blocks to rel)resent tile 
distr ibution and eurw~s to represent  the theoretical  
extract  and raffinate, has been entered in the chart  
also for " r a n d o m "  distr ibution and for " m e t h y l  
e s t e r "  (or simple tr iglyceride) distri tmtion, the for- 
mer  being depicted as a series of plus marks and the 
la t ter  as dotted lines. 

These curves are of value as a guide to determin- 
ing how efficient a given fraet ionat ing appara tus  or 
process actually is although they are subjeet  to some 
uncer ta inty  because we do not know which of the 
preceding hypotheses is most applicable in the eases 
of most common fats and oils. There is eonsiderabh; 
evidence however that  the actual distr ibution ill soy- 
bean oil is something between that  est imated in m:- 
eordance with the " m a x i m u m "  theory and that  cal- 
culated according to " r a n d o m "  distribution. 

In  Figure  1 the max imum difference in iodine value 
theoretically realizable between the extract  and tar-  
finale derived f rom the par t icular  soybean oil under  
consideration varies with the percentage y M d  of tile 
two products. In the cases of bolh the random and 
max inmm hyl>otheses however tile average theoretical 
difference in iodine value is about  70 units, and this 

degree of separat ion is api)roximately that  foreseen 
as the ul t imate goal in any process of fract ionat ion 
which operates direct ly on the, t r iglyeerides wilhont 
effceting some kind of ester-ester interchange. In the 
case of methyl esters the max imum separat ion is about 
130 iodine vahte units.  

A c t i o n  of  Se l ec t ive  S o l v e n t s  
In liquid-liquid extraction, which is one of the moat 

interesting types of fraet ionation,  it is ne,~essary to 
utilize a solvent which exhibits at least some immisci- 
bility with the oil being processed. There arc many  
such solwu~ts of course, and fu r fu ra l  is one of the 
most common. I t  is possible to predict  with consid- 
erable accuracy whether  a given liquid will display 
immiscibil i ty with soyhean oil by  apply ing  F reeman ' s  
(3) rule. According to this principle, each functional 
group in the molecule under  consideration is assigned 
a certain a r b i t r a r y  number.  I lydroxyl ,  for example, 
is given 3 points, and an ether linkage is credited with 
1 point. I f  the summation of all these points, as as- 
signed the various funclional groups in the molecule, 
exceeds the number  of carbon atoms, the liquid prob- 
ably  will be only par t ia l ly  miscible with soybean oil 
at ord inary  temperatui 'es .  

The solubility relationships existing in systems con- 
sisting of soybean oil and such liquids have been 
investigated for a large number  of selective solvents, 
and there are many  methods used for depleting the 
data graphical ly.  The t r i angula r  phase diagranl is a 
common one. A typical  examt)le is shown in F igure  2, 

Solvent 

! 

A I 

tl t 

(L b Igh) 
lodlne Value 

FIG. 2. T r i a n g u l a r  r e p r e s e n t a t i o n  of  p h a s e  r e l a t ionsh ips .  

ill which tile upper  apex represents  100% selective 
solvent and the base line represents  iodine value, 
ranging f rom low values at the left  to high values at 
the right. 

The area within the curved line represents  the re- 
gion of two-liquid inmfiscibility, and the, compositions 
of raflinates and extracts  in equil ibrium with each 
other are represented by the, ends of tie-lines, such as 
points A and B, which are for  the raffinate and ex- 
t rae t  respectively. By project ing these points f rom 
the solvent apex to the base line, it is possible to deter- 
mine the iodine value of the, oils in these two phases, 
as shown by points a and b. The selet.tivity of a given 
solvent carl be judged  approxinlately  by  tile differ- 
enee in iodine number  represe, nted by these two 
points, which is, as a mat te r  of fact, the, difference 
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in iodine value obtained when soybean oil is sub- 
jected to a single batch extraction in a separa tory  
funnel,  followed by isolation of the oil content in the 
result ing phases. Ill the case of f u r fu r a l  this differ- 
enee is about  14 units. Sul fur  dioxide is more selec- 
tive, and propane is less selective with respect to 
nnsaturat ion.  

The difference in iodine value, or in some analogous 
characteristic,  between the oil in two phases at equi- 
l ibr ium frequent ly  is called the " d r i v i n g  fo r ce"  since 
it is the tendency of tile systenl to at)proach these 
equil ibrium conditions which causes the fract ionat-  
ing device to function. The driving force exists in all 
the systems which can be used for  fraetionation.  In  
liquid-liquid extract ion it is the differenec in eompo- 
sition between the respective portions of the mater ia l  
being f ract ionated when they exist at equil ibrium in 
two conjugate liquid phases. In crystallization it is 
the difference between the compositions of the crys- 
tals and the mater ial  dissolved in the solvent in eqni- 
lit)riunl therewith. In distillation it is the difference 
in composition between a liquid and the vapor  in equi- 
l ibr ium with it. 

Applicat ion of Liquid-Liquid Extract ion as 
a Laboratory Tool 

The method of app ly ing  liquid-liquid extraction 
and sonic of its fundamenta l  principles can be illus- 
t ra ted  by  drawing an analogy between this process 
and distillation. There are two types of rectification 
used for  separat ing,  by distillation, mixtures of 
liquids having boiling points not f a r  apart .  One of 
these is continuous rectification, by which process a 
continuous s t ream of raw mater ial  is fed into some 
point intermediate  between the top and bottom of a 
rect i fying colunm. A distillate is condensed at the 
top and in pa r t  re turned  as reflux, and a stream of 
sti l lbottoms is wi thdrawn beneath the column. The 
other is known as " b a t c h  fractional  dis t i l la t ion" and 
consists in tile removal, f ract ion by fraction, of the 
progressively less volatile colnl)onents of a mixture  
of liquids. The liquids are contained in a distillation 
flask, which is surmounted  by a f rac t ionat ing column, 
with some a r rangement  for  effecting reflux at the top. 

There is an interest ing analogy between continuous 
rectification by dislillation and continuous fra(;tion- 
ation by  liquid-liquid extraction. In  Figure  3 the 
r ight-hand diagram is tile simplified flow sheet of a 
continuous rectification colunln in which raw mate- 

Fur f ~_~. 

Raff. Remove Di%tillate 

-- Reflux~ 

0 i.!~_ ~Extn. 
Column 

Distn. 
Column /- 

,&/ 

Heat_~. 

T S t i l l  
Bottom-  

Fro. 3. An~dogy between continuous liquid liquid extraction, 
wittl reflux, and continuous re(!tification. 

rial, such as stock for the production of gasoline, is 
introduced at some point intermediate between the 
top and bot tom of a f raet ionat ing column, t [eat  is 
applied at the bottom, and vapo~.~ leave at the top 
to be condensed by the removal of heat. The conden- 
sate is divided into two streams, one of which is the 
distillate, and the other is re turned to tile top of the 
column as reflux. This liquid percolates downward 
through the column in close contact with the rising 
s t ream of vapors  so that  the gas and liquid phases 
can interchange their  respective heats of vaporiza- 
tion or condensation, and the process results in the 
enrichment  of the overhead stream with respect to the 
lower boiling constituents. The high-boiling materi- 
als are wi thdrawn at the bottom. 

The left-hand diagram in F igure  3 is the exact 
analogy in liquid-liquid extraction as applied to the 
continuous fraetionation of fats  and oils by means 
of fur fura l .  The raw nlaterial, namely, a vegetable 
oil such as soybean oil, is introdu(,ed into a vertical 
f rac t ionat ing column at some point between the toll 
and bottom. In  this case however the appara tus  is 
upside down f rom that  shown in the right-hand side 
of the diagranl al)plying to distillation. Instead of 
introducing heat at the bot tom of tile column, as ill 
distillation, fu r fu ra l  is fed at tile top of the liquid- 
liquid extraction eohunn, and it runs downward 
counter-current ly  to a rising stream of oil. The oil 
and fu r fu ra l  arc only par t ia l ly  miscible, and the lat- 
ter is considerably the more dense. The fu r fu ra l  dis- 
solves pa r t  of tile oil, convert ing it fronl the undis- 
solved state, lnuch as heat  converts hydrocarbons 
f rom the liquid to the vapor  state in the case of frac- 
t ionating hydrocarbons by  distillation. 

At the bottom of the liquid-liquid extraction col- 
umn the fu r fu ra l  is wi thdrawn containing an appre-  
eiable quant i ty  of dissolved oil, the fu r fu ra l  is sep- 
arated f rom the oil in evaporat ing equipment,  in a 
nlanner quite analogous to the removal of heat from 
the overhead vapors  in the case of distillation, and the 
result ing oil is divided into two streams, one of which 
is known as the " e x t r a c t . "  The other par t  is re- 
turned to the base of tile column as reflux, just  as a 
par t  of tile distillate is re turned at the top in distilla- 
tion. The undissolved port ion of the oil, which is 
known as "raffinate," is wi thdrawn at the top of the 
extraction column. 

Only a few of the I)oints of direct analogy t)etween 
liquid-liquid extraction and distillation have. been 
mentioned and shown in F igure  3, bu t  practically 
every detail encountered in the operation of an ex- 
tract ion column can be. compared direct ly with its 
analogue in distillation; and the lat ter  field has been 
subjected to much more thorough s tudy from an 
engineering s tandpoint  than has extraction. For  this 
reason it fre(tuently is desirable, when contemplat ing 
some new problem encountered in liqnid-liquid ex- 
traction, lo ascertain how the corresponding situation 
is dealt with in distillation. Such reasoning invari- 
ably leads to a proper  solution of the extraction 
problem. 

The analogy between distillation and extraetion 
can be carr ied further ,  especially its apt)lication to 
batch operation, and leads to the consideration of 
interesting possibilities for  employing extraction as 
a labora tory  tool. F igure  4 is similar to Figure  .q 
except tha t  the a r rangements  of extract ion and dis- 
tillation equipment,  shown diagrammatical ly,  are 
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FIG. 4. Analogy between exhaustive batch extraction and 
exh.mstive recHfication, with plots of typicM yields. 

designed for  the exhaustive batch distillation or ex- 
t ract ion of a (leflnite quant i ty  of mater ial  to be frac- 
tionated. The r ight-hand side of the drawing is a 
sketch of a labora tory  distillation appara tus ,  consist- 
ing of a boiling flask containing the test material ,  a 
f raet ionat ing c.olumn having a large number  of the- 
oretieal plates, and an overhead condenser equipped 
for re turn ing  pa r t  or all of the condensate as reflux. 
Such appara tus  is commonly used for  separat ing 
complex mixtures  of hydrocarbons.  The batch to be 
f ract ionated is placed in the boiling flask, and heat is 
applied. This causes some of the hydrocarbons  to 
evaporate,  and the vapors  rise through a fraet ionat-  
ing cohunn, eventually reaching the condenser. Here  
the heat is removed, and the. result ing liquid is 
allowed to run back into the top of the eolunm. 

The appara tus  is operated initially at total  reflux, 
that  is, all the condensate is returned,  and this type 
of operation is continued until  a steady state has been 
reached. At this t ime the tempera ture  of the vapors  
leaving the top of the column will have become con- 
stant and will be equal to the boiling point  of the 
most volatile component of the mixture  being sep- 
arate.d. A small s t ream of the condensate then is 
wi thdrawn continuously, bu t  it is only a minor  frac- 
tion of that  actual ly being condensed. This with- 
drawal may  be continued until  all the most volatile 
constituents have been distilled, arm at tha t  t ime the 
distillation comes to a hal t  or at least becomes very  

much slower. Then it becomes necessary to app ly  heat 
at a fas ter  rate and to re turn  the appara tus  to total, 
or near ly  total, reflux until  tile t empera tu re  of the 
vapor  at  tile top of the cohlrnll again becomes steady 
at the boiling point" of the next nmst volatile eonx- 
ponent, which then can likewise be removed by  with- 
drawing a small s t ream of product .  

I f  the operations outlined above are continued mt- 
til essentially all the hydrocarbons  have been dis- 
tilled, the results can be plotted in the manner  shown 
beneath the d iagram of the distillation appara tus .  
Some proper ty ,  such as molecular we.ight, can be plot- 
ted as ordinates against  tile percentage y M d  of each 
fraction,  and  the result  usually is a step-wise curve 
such as that  shown al though in many  eases the breaks 
between steps are not as sharp. Each step represents  
thc yield of one par t icular  c.ompound result ing f rom 
the separat ion of the mixture, into its eoml)onen{s. 

In  the lef t-hand side of Figure  4 is shown the exact 
analogy to exhaustive batch distillation when liquid- 
liquid extraction is used for f rae t ionat ing a mixture.  
In this instance too the liquid-liquid cxtraction ap- 
pa ra tus  is upside down as compared to the distillation 
equipment  because the solvent chosen for  the illustra- 
tion is heavier than  oil. 

I f  it were not for  complications due. to the presen.ee 
of some C,6 acid, it shouht be possible with this appa-  
ra tus  to separate  soybean oil into ra ther  pure  frac-  
tions differing f rom each other in the number  of dl)u- 
ble bonds in each molecule, and such separat ions 
actual ly have been made with limited success (6).  In  
such operation the charge of oil, being l ighter  than 
fur fura l ,  is allowed to float on the surface of the 
solvent in the flask or other vessel shown surmount ing  
the extract ion column, which latte.r is filled with 
solvent up to the level of the oil. Ins tead of heat be- 
ing applied at  the bottom, as in distillation, f u r fu ra l  
is int roduced at the top as shown in the diagram. 
I t ' passes  downward through the oil, dissolving a cer- 
tain quanti ty,  and eventual ly passes out the bot tom 
of the cohmm where the. f u r fu r a l  is removed f rom the 
dissolved oil. The resul t ing extrae.t is re turned  as 
total  reflux fur a considerable time, that  is, unti l  its 
iodine value becomes constant. I f  the f rac t ionat ing 
cohmm has a sufficient number  of stages, the iodine 
value of such rccirculated glycerides then will be that  
of the most unsa tura ted  eomponent  of the mixture,  
and it will be possible to wi thdraw a small s t ream of 
this product  exactly as is done in distillation. 

Af te r  all of this component  has been exhausted, it 
will be found tha t  little or no oil is dissolved in tim 
fu r fu r a l  leaving the bot tom of the extraction column, 
and it will be necessary to increase the rate of intro- 
ducing fu r fu ra l ,  just  as it became necessary to in- 
crease the rate of heat ing in distillation. I f  the liquid- 
liquid extraction eohmm continues to operate at this 
higher f u r f u r a l  rate,  with all extract  again being re- 
tu rned  as reflux, equil ibrium will be reached again, 
with the iodine value of the re, flux equalling that  of 
the next most unsa tm'a ted  component  of the mixture.  
This component  then can be removed by  wi thdrawing 
a small s t ream of extract  while main ta in ing  a high 
reflux ratio. 

Continuing this process until  all tim oil shown in 
the container at the top has been selectively extracted 
will yield results whMl can be plot ted in the fornl 
shown beneath the d iagram of the, extraction appara-  
tus. The iodine value of each fract ion can he plotted 
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against  the percentage in which that  I)ortion exists 
in the complete mixture.  A step-wise curve shouht be 
obtained, much the same as when distillation is used 
to separate  materials  having different molecular 
weights over different boiling points. 

The preceding method for conducting an exhaustive 
batch fraet ionat ion by  means of liquid-liquid extra('- 
lion has been applied occasionally ill various labora- 
tories to separate mixtures  of hydrocarbons  and of 
other materials  which are not readily separable by 
means of distillation. The field of fats  and oils is an 
excellent example of one ill which a f rae t ionat ing tool 
such as this should find wide aI)tllieation for  it offers 
the possibility of sel)arating materials  which cannot 
be f ract ionated by any other method without  extreme 
difficulty. 

Crystallization 
I t  is of fu r the r  interest  to reflect briefly on some, 

of the insufficiently exploited possibilities of crystal- 
lization as a tool for making exact separat ions of vari- 
ous f a t t y  materials.  Near ly  all crystall ization pro- 
eedures described in the l i terature  on fats  and oils 
utilize only one stage of sel)aration, that  is, the actual 
separat ion is made between a solid aud a liquid ill 
equil ibrimn with each other. This is quite analogous 
to a single batch distillation, ill which the vapor  
evolved is in equil ibrimu with the liqui(l remaining 
behind. In the ease of distillation, as was poinled out 
earlier, the driving force, or the difference in COml)O- 
sition between the liquid and vapor, can be amplified 
many  times by  corlducting the proce, ss in such a man- 
ner that  the two phases flow eountereurrent ly  past 
each other with reflux, interchanging their  respective 
latent  heats while various components of the mixture  
pass f rom one phase into tile other. The same shouhl 
be possible in crystallization, but lhe mechanical de- 
tails necessary in order to car ry  out su(,h a ln'oeess 
apl)ear to have re<.eived little, if any, study. 

hi the ease of liquid-liquid extraction it was noted 
that  the maxinnlnl sel)aration between extract  and 
raffinate in equil ibrium with each other when fur fura l  
is the selective solvent amounts  to only 14 units ill 
to(line value. Under analogous conditions, if crystal- 
lization is used as a sel)arating means, the (tifferen(,e 
ill iodine value at equilibrium nmy amount to as mm.h 
as 50 or 60, or even 80, units. If  such tremendous 
driving for(.es could be amplified many-fold, as is 
done ill numerous applieations of extraction and dis- 
tillation, it call be seen clearly that  separations be- 
tween closely similar materials  eouhl be accomplished 
far  more efficiently than with all3" of lhe procedures 
now available. 

Conclusion 
Tile preceding example of a little-exph)red portion 

of the fraet ionation fiehl is s imply one of many  that  
could be cited to i l lustrate both the possibilities for 
developing fraet ionation processes in the vegetable oil 
industry and the fu ture  that  awaits some of the now 
undevelolled processes for  effeeting segregation. Be- 
cause of the extremely mixed nature of triglycerides 
as they occur in nature,  it is necessary to make sepa- 
rations of many  types, both in the laboratory and in 
commercial operation, and it behooves specialists ill 
the oil fiehl to s tudy the science of fraetionation and 
enhance its usefulness toward aeeonlplishing their  
l l e e d s .  
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The Nutritive Value of the Residues from 
Oil Extractions 
TOM S. HAMILTON, Professor of Animal Nutrition, 
University of Illinois, Urbana, Illinois 

W H I L E  this short course is primari ly concerned 
with the production, proce,~ing, and refining of 
edible oils, I don ' t  thinl{ i t 's  inappropriate that  

we inject a brief discussion on the values of the res- 
khtes that may be left on the removal of the oils and 

fats front eith.er the fat- 
rich p l a n t  materials, or 
animal materials. [ sup- 
pose most of you think of 
the oils and fats as your  
prime product  of tile in- 
dustry, alnl I s u p p o s e  
tha t ' s  correct. I f  the price 
of fats continue to come 
d o w n ,  I ~Tn l i e (  SO S n r e  
but what some of these so- 
called by-l)roduets  might 
not become the product  of 
your industry, and o i l s  
might become 1he by-prod- 
uct. At  least 5"our process- 
ing proeedures do affect, Mr 
may affect, the value of 
these protein rich residues 

T. $. Hamlhon which are let, t. Now this 
evening we shall confine, 

our discussion almost entirely to the nutrit ive value 
of some of these protein rich by-produets. 

You know, most industries do depend, or at least 
much of the profits of many industries do depend, to 
a large extent, on the value of these so called by- 
products, so anything in the way of processing which 
might affect the value of these by-products shouk[ be 
at least eonsidered. Most of these residues from the 
removal of the nil from the oil-bearing seeds, or the 
removal of the fats frmn tile fat rich animal tissues 
are rich in protein, usually quite low in earbohy- 
drates, low in fiber, and many of them, also, quite low 
in ash. So we can think of them, then, primarily as 
protein supplements, or protein rieh products. They 
find their greatest use, of course, in supplementing 
tile protein-low feeds that are ordinarily grown on the 
farm. 

If  we think for a moment that for a rapidly grow- 
ing animal, or for higl~-pro<lncing cows or ehiekens, 
t h e p r o t e i n  content of those rations shouhl be some- 
where in the neighborhood of eighteen or twenly per 
eent in order that they may produee as rapidly, or 
grow as rapidly as we would like. Now, farm o'rown 
feeds do not contain twenty per cent protein. Nun> 
ber 2 corn today contains on an average of about 8x/2 
per cent protein. Some of our other small cereal 
~zrains may o.o as high as 12, still, tha t ' s  far  from 20. 
()ur young, rapidly growing paslure on a d ry  b a s i s  
may go as high as 20 or 25 or 30 per eent; but under 
natural  eonditions, of course, those are diluted to sueh 
an exlent, that, on a fresh basis, these are of pret ty 
tow protein content. Only the rmninants  c, an consume 
enough pasturage to obtain all of their protein from 
such diluted material. The straws and hays contain 
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about 12 per cent, on down to 4 or 5 or 6, depending 
on lhe quality and the kind. So, farm grown ingre- 
dients for our rations, must be supplenmnted if we 
are to have a ration eontaining 18 or 20 per cent 
protein. 

So we, depend, to a very laro.e, extent, upon these 
protein supplenmnts from your  industry. We never 
ha.re had enough protein SUl)plements to balance our 
lapin grown feeds, that is, to hring lhem up to the 18 
or 20 1)er cent which we think are desirable for rap- 
i(lly growing and high producing animals. Last year, 
we came more nearly balancing our protein low, farm 
grown feeds with protein from the protein SUl)ple- 
nlents sources, than any 5"ear I)reviously. I lhink 
we're still shy about 7 per cent or something' like that, 
but, nevertlmless, we ahnost balanced our rations with 
the protein supplements whieh were available from 
all sources. 

We know, of course, that these residues vary ill 
their total protein (.ontent. The protein SUl)plemeuts 
fronl 1)lant sources vary 1)erhal)s from, we'll  say, a4 
per eent in some linseed oil meals, to as high as 55 per 
cent for a eolnpletely extracted sunflower seed meal. 
In the ease of protein SUl)plelnents of animal origin, 
they may be as low as 50 or 55 per cent t'or meat and 
bone scraps to 80 per eent for blood meal, and speeial 
pret)arations may g'o lo 90 or even 95 per cent l)rotein. 
So they differ, in the tirst place, quantitively, that is, 
in their total protein, anti when I say I)rotein, I usu- 
ally think of total nitrogen nmltiplied by six and a 
quarter. 

From the nulritive point of view, tha t ' s  a perfeetly 
satisfactory way of figuring out the 1)rotein of supple- 
ments, for the protein supplements that are manu- 
faetured in the body average about 16 per cent pro- 
rein. Ill other words, we're  thinking of nitrogen rather 
than any partieular fornl of protein. So, front that  
point of view, the factor which best relates the nitro- 
gen to the total protein of the t)ody, is perhaps the 
best faetor to use when thinking in terms of nutri- 
tion. Now, of course, if yon want to characterize a 
protein (.heroically aml i)hysically, then you should 
use the factor wtlieh best relates its nitrogen eontent 
to its total protein value. But  in nutr i t ion we simply 
say crude protein, or total I)rotein, or most of the time 
we simply say protein, and in doing so, we are think- 
ing of total nitrogen multiplied by a conventional 
factor of six a n d  a quarter.  

But these stq)plements (lifter not only with respect 
to their total protein value, whieh may vary from 34 
to 90 to 95 per eent, but  they also differ in quality or 
biological value. When we say quality, or when we 
say biological value, we think of the extent to which 
the protein furnishes the amino acids which the body 
needs, in lhe proper proportions. The more nearly the 
protein source furnishes the amino acids which the 
body ~eeds, the more eompletely will it be utilized. 
That is what we mean by a high quality or a high 
biological value protein. 
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Proteins,  of course, are made up of amino acids. 
Most of the proteins that  we know of contain any- 
where f rom 14 or 15 up to 21 or 22 different amino 
acids. I f  we analyze proteins found in the animal 
bodies, we will find that  most of those proteins con- 
tain 21 or 22 amino acids. In other words, they con- 
tain most all of tile amino acids, yet these proteins 
may  contain anlino acids in different proportions.  In  
the p lant  kingdom, we have exactly the same thing. 
We have the possibility of making innlunerable pro- 
teins s imply because we have anywhere f rom 2 to 
as many  as 22 different amino acids combined in any  
mathemat ical  p ropor t ion  that  yon might  conceive. I f  
you ' r e  mathemat ica l ly  inclined, you might set down 
some time and see how many  different proteins would 
be possible. That  is the reason why we have so many,  
many  different kinds of protein. 

Now, in the body, we have proteins, many  different 
kinds of protein,  yet  they contain most of the differ- 
ent amino acids, 20, 21, 22. Yet the animal body can- 
not synthesize all of these amirm acids. I t  must  de- 
pend upon some outside source. For tunate ly ,  the 
p lant  cells and for tunate ly  too, many  microorganisms 
(:an synthesize f rom simple nitrogen sources, and with 
some source of carbohydra te  or energy, all 22 of them. 
P lan t  cells, and ninny micro-organisms, can do that.  
The anilnal body needs all 22, and yet the higher 
forms of animal  cells cannot synthesize but about 
nine or 10 of thenl. They synthesize those nine or 
10, of course, f rom the others which are supplied to 
them. 

Now, the amino acids which the body cannot syn- 
thesize are refer red  to as essential amino acids. The 
other 9 or 10 or 11 the body can synthesize, appar -  
ent ly at very rap id  rates, so that  if the essential amino 
acids are suI)plied the animal, the animal can take 
care of his needs by synthesizing the others. Those 
amino acids which the body (',all synthesize are re- 
ferred to as non-essential. So, we depend upon the 
t)]ant kingdonl very  largely, occasioually upon the 
nlicro-organisms,  for  the synthesis of the essential 
amino acids. 

We find then, tha t  proteins nlay (lifter in two re- 
sI)ects: they may  (lifter quanta t ively  in the total  per- 
(;enrage of protein which they furnish, and (lualita- 
tively, tha t  is, depending on their  biological value. 
Prote in  supplements,  therefore, may have exactly the 
same total  protein concentration and yet may  differ 
marked ly  in their  quality. Therefore,  so fa r  as satis- 
fy ing  ttle animals needs, the total protein is of very  
little value. I t  is the quali ty of tllc protein as well as 
the total protein which counts. 

Referr ing again t<) the proteins whicll the aniulal 
deposits in its tissues, while we find a ra ther  colnplex 
mixture  of 21 or 22 different amino acids, protein 
supplements  of animal  origin arc often deficient in 
one or more amino acids. The anlino acids which 
usually limit the usefulness of animal proteins for  
feeding purposes  are methionine and eystine. In  the 
p lant  kingdom, it is not methionine and cystine tha t  
ord inar i ly  l imit  the use fu lne~  of its protein supple- 
men(s, but some other  amino acids, usually i t ' s  lysine. 
Now, there ' s  usual ly  p lenty  of lysine or at lee.st an 
adequate amount  in animal products,  but  there is a 
deficiency of the sulphur-bear ing amino acids, methio- 
nine and eystine. So, when we mix animal proteins  
with p lant  proteins,  the deficiency of the sulphur-  
bear ing amino acids in the animal proteins will be 

made up by the slight exeess which occurs in the 
plant  proteins, and the deficiency of lysine, which 
ordinar i ly  occurs in the IIlant proteins, is made up for 
by a slight excess of lysine in the animal proteins. 

I don ' t  think i t ' s  any  coincidence that  man, who 
for the most pa r t  has had the choice of the foods 
which he eats, has become accustomed to eat such 
combinations as an egg and a bread sandwich, animal 
protein and a p lant  protein. They supplement  each 
other very well. Bread  and milk, steak and potatoes, 
fr ied chicken and french fries, corned beef and cab- 
bage, or even ham on rye with a bottle of beer. [ 
don ' t  think i t ' s  mere eoincidence that  we enjoy these 
contbinations. The supplementing effect of these pro- 
teins have been found to be good for us. 

Unfor tunate ly ,  our  animals today don ' t  have the 
choice that  man has in selecting their  feed. I[e doesn ' t  
have the chance to combine the animal proteins with 
tim plant  In'oteins Sllch as we are accustomed to do, 
so i t ' s  up to us to supply  the proper  combination to 
our animals if we expect them to do well. 

I think the best way of i l lustrat ing the supplement- 
ing effect of different suiiplements wouhl be to show 
you by means of slides, the extent to whi(.h some of 
these common protein supplements  sui)i)lemeut corn. 
Now, corn is our basic carbohydrate  for  this locality, 
and we will use e"s nmch corn as possible. So fifty or 
sixty pa r t s  of the rat ion will be made up of corn. 
Now, tha t ' s  not going to furnish over five per  cent;  
the rest  of the 20 per  cent protein then must come 
from our  protein supplements.  Now, while we would 
not recommend a mix ture  of just  ('orn and one pro- 
rein supplement,  they will serve as illustrations. I 
have used 60 per  cent corn, and then, sufficient 
amount of various protein supplenlen(s to bring the 
total protein in the rat ion up to 20. Tha t ' s  not a 
good ration, but, nevertheless, I think it will illus- 
(rate the extent to which these various proteins, as 
we know them today, may supplement  corn. 

On the left-hand side of the slides are figures which 
indicate per cent. A lmndred wouhl indicate when 
these ten different essential amino acids satisfied the 
requirement  of a growing chick. We know pre t ty  well 
}low much, on a percentage basis, of each these ten 
amino acids, is needed in a ration to completely sat- 
isfy, without exceas, the amino acid requirements of a 
growing chicken. The abbreviations at the bottom 
indicate arginine, histidine, isoleucine, leucine, lysine, 
threonine, tryt)tophane, valine, methionine, plus cys- 
tine are combined, because tile animal body can con- 
vert  methionine into eystine, and phenylalanine plus 
tyrosine, since the body can convert  I)hmylalanine 
into tyrosine. 

The shade(1 portion of the graph indicate the extent 
to which 60 per  cent corn in a rat ion wouhl meet the 
requirenlents for  these essential amino acids. Now, 
notiee in the ease of arginine that  the corn would 
supply  only 35 per  cent of the arginine required by 
the chicken ; would supply  65 per eclat of the histidine, 
13 per  cent of the lysine needed and so on across. 
The corn is quite deficient in lysine and t ryptophane.  
Now, I ' v e  added to this ration a sufficient amount of 
various protein supplements  to br ing the total pro- 
tein in the rat ion up to 20 per  cent. No more than 
that.  I t ' s  just  about as bad to have certain excesses 
as it is to have deficiencies, and to meet some of the 
requirements  of our  animals today, pa r t  of our prob- 
lem is to minimize the excess. 


