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foreseeable future.  I t  is ap t  to hold it static, in  its 
field soap is low in cost and  efficient. For  example, 
it is improbable  that  any  substant ial  pa r t  of the com- 
mercial l aundry  marke t  will be lost to synthetics. 

The first call on the fats  and oils is for  edible pur-  
poses. A short  world supply  appears  probable  for  a 
few years ahead- -how fa r  ahead ties in with political 
problems and hoped-for improvements  in s tandards  
of living, not nat ional ly but  internationally.  These 
are beyond chemistry. 

The present  t rend is to supplement  our normal  sup- 
ply of soap with synthetics and to accompany tha t  
with the development of more and more applications 
for  all kinds of surface-active agents. Synthetic de- 
tergents themselves are being studied with a view to 
br inging their  general  cleansing abil i ty up to that  of 
soap in soft water. This apparen t ly  can be done by 

special building. Combinations of anion-active agents 
with nonionics also show greater  detergent  abi l i ty 
than  either one alone; the combination is not merely 
addit ive bu t  is m o r e - - i t  is synergistic. Research ac- 
t ivi ty  in this fiehl is still intense. 

There seems to be little doubt  tha t  the percentage 
of the total  detergent  marke t  re tained by  soap will 
decrease fur ther .  I Iow nmch fu r the r  is beyond guess, 
the rash guesses of a few years  ago have a l ready been 
exceeded. The t rend away fronl na tura l  products  of 
agr icul ture  or animal husl)andry has been going on 
for  decades. This competit ion of soap and synthetic 
detergents is but  one small p a r t  of it. But  in an ex- 
panding  economy that  does not predict  tha t  the soap 
indus t ry  will go into a decline. I t  merely suggests 
that  in the economist 's terms, it is becoming a mature  
industry.  
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A L T I I O U G t [  little is yet known of the details 
of the mechanism of the convelMon of carbo- 
hydrate  to fat,  the problem has engaged the 

at tent ion of investigators since about  1850 and is 
thus one of the oldest of biochemical studies. Previ-  
ous to this date it had been assumed that  body fa t  
was simply derived f rom dietary  fat.  Impressed  by  
the large amounts  of milk fa t  continually secreted 
by the lactat ing cow on ord inary  pasture,  Liebig was 
led to believe tha t  this fa t  must  have been fornled 
f rom carbohydra te  in the diet. Soon af ter  (1860) 
Lawes and (]ilbert (1) per formed their  classical ex- 
per iments  at  Rothamsted with oxen, sheep, and pigs 
in which careful  balance studies of carbohydrate ,  
protein, and fa t  left  no doubt that  body fa t  can be 
synthesized f rom dietary  carbohydrate .  Later  studies 
by  several investigators with m a n y  animal  species 
thoroughly confirmed their  conclusion. In  shorter  
te rm experiments  with the clog Morgulis arid P r a t t  
(2) observed, under  appropr ia te  feeding conditions, 
respi ra tory  quotients nmch greater  than  unity,  which 
would be required for  the carbohydra te  to fa t  con- 
version. In  plants  also there is abundan t  evidence 
for  fa t  format ion f rom carbohydrate .  Seeds dur ing 
r ipening undergo a change from high-carbohydrate ,  
low-fat  eontent to high-fat  levels. Studies with seeds 
included not only those which were still at tached to 
the plant  bu t  also separated seeds in which there 
could be no doubt  about  the c a r b o h y d r a t e  to fa t  
t ransformat ion occurring within tile seed. Respira- 
tory quotients of 1.5 or greater  have been noted 
dur ing active oil formation.  

The formation of fa t  in various microorganisms 
would seem to offer ideal test systems for  s tudy since 
the eo,nposition of the medium can be so readily con- 
trolled and since evidence for  the precursor  of f a t  
synthesis might  be obtained. Many yeasts and fungi 
synthesize large quantit ies of fa t  f rom relat ively 
simple media. The many  contr ibutions in this field 

1Presented at 22nd fall meeting, American Oil Chemists' Society, 
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cannot be reviewed here, bu t  classical among these 
investigations has been tha t  of I Iaehn  and Kintoff 
(3) with Endomyces vernalis in which it was shown 
tha t  acetaldehyde, lactic acid, pyruvic  acid, glycerol, 
ahlol, and ethyl alcohol could serve as fa t  precur-  
sors. A str ict  comparison of their  relative efficiency 
as precursors  was difficult however because of dif- 
ferent  toxieities of the substances tested. A review 
of subsequent investigations with different microor- 
ganisms seems to show that  in addit ion to glucose 
itself, pyruvate ,  alcohol, and  acetate were the most 
active as fa t  precursors.  There is little doubt  how- 
ever that  the limitations of toxicity and permeabi l i ty  
differences make this type of exper imentat ion dubious 
for  the selection of the probable  immediate  precursor.  

Older Theories of Fatty Acid Synthesis 
Hcxose Condensation Theory: An early and obvi- 

ous suggestion for  the mechanism of f a t t y  acid syn- 
thesis was that  hexose units  combined direct ly to 
fo rm a C~s precursor  of stearic and oleic acids. Emil  
Fischer (4) first proposed this theory arid also postu- 
lated the mixed condensation of hexoses and pentoses 
to explain the occurrence of sneh acids as palmitic. 
The predominant  occurrence of C~.,, C~, and C_~ in 
nature  has been offered as evidence for  condensation 
of hexose units, but  more direct evidence was lacking. 
Reichel and Sehmid (5) and Embde  (6) found t.hat 
fructose was more readily converted to fa t  than other 
monosaecharides, arid this has been offered in sup- 
port  of hexose condensation. 

In  considering biochemical reactions analogous to 
the type of reaction leading to carbon-to-carbon link- 
ing of hexose molecules, the reverse aldolase reaction 
comes to miml  (see F igure  1). There is no experi- 
mental  evidence for  this reaction involving hexoses 
ra ther  than trioses, nor  for  the existence of the highly 
hydroxyla ted  intermediates  which would result. The 
lat ter  cannot  constitute evidence against  the hypothe- 
sis since intermediates  are notoriously missing for  
the suppor t  of any  theory of f a t t y  acid synthesis or 
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oxid.ation; nevertheless in view of the lack of direct 
evidence for  the hexose condensation theory of f a t ty  
acid synthesis, other theories are more generally 
favored. 

Aldol Condensation: Since the two-carbon sub- 
stances, ethyl alcohol and acetate, proved to be effi- 
cient fa t  formers  in nfieroorganisms and fu r the r  since 
the natura l ly  occurring fa t ty  acids always contain an 

OH,-O-1)O3]I_o CII:-O-PO~] Io CI ! O 
I I k 

CO + Cl lOtI  i T o ~  i I 
CII2-O-I) O~IL CfI..OH ~HOH 0 

CIIOH Ketotriose Aldotriose 
I t ? - -  phosphate phosphate 

Ol{2-O-PO3H.. 
~ructose 
diphosphate 

~'m. I. Aldoluse reaction. 

even number  of carbon atoms, a two-carbon precursor 
for  fa t ty  acid synthesis was early suggested. Actu- 
ally Nencki (7) suggested acetaldehyde as the pre- 
cursor before the above facts were established, l ie  
prepared the substance aldol by  the condensation of 
acetaldehyde in alkaline solution. In ternal  oxidation 
and reduction in this compound could result in bu- 
tyr ic  acid. Other workers extended this hypothesis. 
Thus Raper  (8) succeeded in condensing two aldol 
molecules with the formation of a hydroxyla ted  ca- 
prylic aldehyde, and S m e d l e y  (9) and K u h n  and 
c o - w o r k e r s  (10) have shown that  condensation of 
crotonaldehyde, which is readily prepared by  dehy- 
drat ion of aldol, results in unsatura ted  straight  chain 
aldehydes (see Figure  2). Beta-reduction of either 
type of compound could produce the saturated carbon 
chain of f a t ty  acids, the reverse process of beta- 
oxidation which is so widely accepted as a mechan- 
ism of f a t t y  acid oxidation. 

F a t t y  aldehydes are recognized as components of 
the "a ldehyde  phosphol ipids"  (11), bu t  the bio- 
chemical significance of these compounds is not yet  
clear. Ehrl ich and Waelsch (12) have conchlded 
from isotope studies that the fa t ty  aldehydes are not 
principal ly concerncd with fa t ty  acid metabolism. A 
serious objection to the acceptance of an otherwise 
at tractive theory of fa t ty  acid synthesis is that  acet- 
aldehyde condensation remains on a chemical level, 
and this reaction has not been denlonstrated to occur 
in biological systems. Aeetaldehydc itself is very 
toxic to living organisms and has never been re- 
corded as an efficient fat-former.  Thus the aldol con- 

CH,CHO + CII, CIIO . . . .  

acetaldehyde 

OH~ (OIIOI-I - CIL) ~- CH O 
I 

f a t ty  acid 

CtIv- C H O t I -  ~H~- CIIO 
aldol 

/ 
I -H..,O 

OI [3- CI[ ~ CII - CH O 
eroto naldehydo 

CH3 (CH ~ CH) ~-CHO 

1 
f a t ty  acid 

Fro. 2. Aldol condensation mechanisms. 

densation theory of fa t ty  acid synthesis is not yet  
sufficiently substantiated to be completely acceptable. 

Pyruvic Acid Condensation: Smedley and Lubr-  
zynska (13) suggested that pyruvic  acid might con- 
dense with itself to form higher keto acids, and 
experimental  support  on the chemical level was of- 
fered. Although this theory was not widely accepted, 
it comes into possible consideration again in view of 
the biological activity of the postulated type of inter- 
mediate. Thus the condensation of pyruvate  mole- 
cules results in a,7-oxidized acids, and a,7-diketo acids 
are now known to be hydro]yzed by  a liver enzyme 
(14) to pyruvic  acid and a lower f a t ty  acid. In  view 
of the biological activity of these compounds it is not 
impossible that  the reverse of this reaction is signifi- 
cant in the biological synthesis of f a t ty  acids. 

Newer Developments  in Biological  Fa t  Synthesis  
Until quite recent times fats were regarded pri- 

mari ly  as metabolically ra ther  inert  storage materials, 
made when an excess of calories were consumed, and 
borrowed upon in starvation. Possibly this was a 
mental  deterrent  in attacking problems of fa t ty  acid 
synthesis, but  more likely was the fact tha t  substances 
of biological origin which might logically be consid- 
ered as intermediates in the synthesis or degradation 
of the higher f a t t y  acids were generally lacking. This 
situation was in marked contrast for  example to the 
intense activity which occurred in intermediary car- 
bohydrate  and protein metabolism, afforded in large 
par t  b y  the discovery of intermediates of obvious 
importance. 

There is no doubt that  the introduction of isotopes 
in biochemistry brought  a new era to studies of 
biological fa t  synthesis. From some of the earliest 
studies of Schoenheimer (15) it became evident that 
fat, even the depot fat, is in an active (dynamic) 
state of flux. By enriching the body fluids with heavy 
water, a rapid incorporation of deuterium into the 
fa t ty  acids of neutra l  fa t  was noted. Thus it  was 
estimated that  more than half  of the fa t ty  acids in 
the l iver of an animal on a low-fat diet was syn- 
thesized in one day, and in about one week in the 
depot fat. 

These early studies also gave suggestions as to the 
mechanism of f a t ty  acid synthesis. When the incor- 
poration of deuteriunl in the saturated fa t ty  acids 
had reached a maximum value, the deuterium con- 
centration in the fa t ty  acids was one-half that in the 
body water, which can only mean that  the fa t ty  acids 
were formed by the coupling of small chemical units. 
Even more significant for  this conclusion were the 
studies with deuterio-palmit ic  acid. After  feeding 
this aeid, the amounts of deuterium found in the 
stearic acid isolated from the depot fa t  left  no doubt 
that  the C~s acid had been synthesized directly from 
the C~ acid. Thus there are biological mechanisms 
available for synthesizing higher f a t ty  acids by  the 
coupling of snlall, two-carbon units. 

Acetic Acid as a Source of Higher Fatty Acids: 
The earlier isotope experiments and the probabil i ty 
of acetic acid as a product  of f a t t y  acid oxidation 
led to the testing of acetate as the probable C~ pre- 
cursor of f a t ty  acids. In the first experiments of 
B l o c h  and I 4 i t t e n b e r g  (16) the administration of 
deuterio-acetic acid (CI)3COOII) containing only a 
moderate excess of deuterium did not result  in a sig- 
nificant incorporation of deuterium in the fa t ty  acid-~ 
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These experiments  might  have discouraged fu r the r  
testing of acetate, bu t  Ri t tenbcrg  and Bloch (17, 18) 
continued work with acetate containing C ~3 labeled 
acetate, and with acetate labeled both with C ~3 in 
the carboxyl group and a great  (77%) excess of 
deuter ium in the methyl  group. In  analyzing for the 
distr ibution of C ~3 in the f a t ty  acid, there was twice 
as great  an excess in the carboxyl group as in the 
whole molecule. Thus it is indicated that  the labeled 
carbon of the acetate carboxyl  group occurs in alter- 
nate atoms of the f a t ty  acid molecule. 

In  considering the mechanism to explain this pic- 
ture, the C l a i s e n  t y p e  condensation result ing in 
acetoacetic acid is most favored, especially since the 
acetate to acetoacetate conversion has been clearly 
demonstrated (see below). 

The Ri t tcnberg and Bloch experiments  with acetate 
containing both C ~3 labeled carboxyl  and deuter ium 
labeled methyl  are of interest. In  the f a t t y  acid syn- 
thesized there was a considerably lesser proport ion of 
deuter ium to C '3 than  in the acetic acid. Since the 
deuter ium of the acetic acid is not exchangeable with 
hydrogen of the medium, this loss of deuter ium indi- 
cates either a) tha t  the acetic acid is first converted 
to a compound with exchangeable hydrogen, or b)  
that  an intermediate produccd possesses exchangeable 
hydrogen in a position corresponding to the methyl  
group of the acetic acid precursor.  I t  is known tha t  
the a-hydrogen atoms of fl-keto acids are enolizable 
and therefore exchangeable. 

Acetoacetal~e Formation from Carbo}~ydrate Pre- 
cursors: Condensation of two acetic acid molecules 
by  a Claisen type condensation results in acetoacetic 
acid : 

CHACO- ! OI[ IIi -CH.o-COOII CIIsCOCII..,COOII 

Evidence for  this reaction is not lacking. Lehningcr  
(19) demonstrated the enzymatic conversion of aceto- 
acetate to acetate, the reverse of the above reaction. 
Soodak and L ipma nn  (20) have recently shown tha t  
a pigeon liver extract,  in conjunction with the new 
pantothenic acid containing coenzyme (coenzy,ne A) ,  
br ings  about  the synthesis of acetoacetate f rom ace- 
tate. In  kidney slices Medes, Weinhouse, and F loyd  
(21) have demonstrated by  isotope dilution technique 
a rap id  and quant i ta t ively  impor tan t  conversion of 
acetate to acetoacetate. In liver, which is considered 
the most likely site of f a t t y  acid synthesis, in vitro, 
experiments  favor  pyruva te  ra ther  than  acetate as 

the most active precursor  of acetoacetate. Thus the 
" insoluble  r es idue"  of liver, used for  studies of f a t ty  
acid oxidation by  Lehninger  (22), produces a rapid 
and quant i ta t ive  conversion of py ruva te  to acctoace- 
tate. This introduces the possibili ty that  an active 
two-ca rbon  i n t e r m e d i a t e  of py ruva te  metabolism 
ra ther  than  acetate itself is the active condensing 
agent  in acctoaeetate synthesis. 

Acetoacetate to Fat ty  Acids with the Lower Fatty  
Acids as Intermediates: Given acctoacetate as a first 
stage in f a t t y  acid synthesis, how might  higher f a t t y  
acids be formed? Acetoacetate might  first be reduced 
to bu tyr ic  acid before the la t ter  condenses again with 
acetate. The resul t ing fl-kcto hcxanoic acid would 
then be reduced to hexanoic, etc., as p ic tured in Fig- 
ure 3. According to this scheme the lower f a t t y  acids 
are intermediates  in the format ion  of the higher ones. 

The work of Barker  and associates (23, 24) with 
Clostridium Kluyveri might  be in te rpre ted  as sup- 
por t  of the above theory. Employ ing  this organism 
Barker,  Kamen,  and B o r n s t e i n  (23) were able to 
isolate both bu tyr ic  and  hcxanoic acids as products  
of the metabolism of acetic acid and ethyl alcohol. 
When the acetate was carboxyl - labe led  (C'~), the 
bu tyr ic  acid isolated was found to contain C ~4 ahnost 
equally d is t r ibuted between the carboxyl  carbon and 
the fl-carbon, as expected f rom a Claiscn type of 
acetic acid condensation. In  the same type of experi- 
ment  the hexanoic acid isolated contained about  one- 
th i rd  of its C x4 in the carboxyl  carbon. Also when 
carboxyl - labe led  bu ty r ic  acid was incubated with 
ethyl alcohol, hexanoic acid was formed, and the C ~4 
did not occur in the carboxyl  group. This synthesis 
appa ren t l y  involved c o n d e n s a t i o n  of the carboxyl  
group of butyr ic  acid with the methyl  group of ace- 
tate ( f rom oxidation of the alcohol), again by  the 
Claiscn type process. 

The role of alcohol in these experiments  appears  
to be not only as a source of acetic acid, but  its oxi- 
dation appeared  necessary for  the condensation reac- 
tions. I n  a later  paper  by  Bornstein and Barker  (24) 
evidence was presented to show that  the reactions in 
this bac te r ium are oxidation-reduction processes in 
which ethyl alcohol is oxidized to acetic acid and the 
f a t t y  acids are formed by  successive c o n d e n s a t i o n  
and reduction reactions. Since hydrogen gas was also 
identified as a p roduc t  of the reaction, there is some 
doubt  whether  this bacter ial  reaction can be extended 
with probabi l i ty  to higher  organisms. 

2CH3COOH ------+ CII3COCII..,COO H 
acetoacetic 

CH3- CH2- CH~- CO - CH2- CO OH 
f l -ke to-hexanoic  

CH3- CH2- CH2- CJIOII - CII.~- COOI I 
f l -OII -hexanoic  

CH,COOtl 

CIIs- CII O l I -  Ctt._,- COOH 
8 -  OH-bu tyr ic  

I 

CII~- CII:-  CII~ - COOH 
butyric 

CIIs- OIt2- CH:-CH:-CH,.~COOH 
hexanoic 

C]I3COOI{ 

etc. 

FIG. 3. Synthesis of higher fa t ty  acids through lower homologucs. 
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2 C t t 3 C O O I I  - - -  -+ C I L C O C H 2 C O O I [  
a c c t o a c c t l c  a c i d  

h i g h e r  f a t t y  ac id s  b y  
c o n d e n s a t i o n  a n d  r e d u c t i o n  
of  h i g h e r  k e t o  a c i d s  

C I h C O O I I  
( :H~COCH~CO- C I I ..,CO 0 I I  

t r i a c c t i c  a c i d  

C I I z C O O I I  
$ 

C I I . C O C t  I,_,CO CH_.CO CII.4~O O I I  
t r i k e t o - o c t a n o i c  ac id  

Fro.  4. S y n t h e s i s  of  f a t t y  a c i d s  by  success ive  c o n d e n s a t i o n  of  a c e t i c  ac id .  

The lower fa t ty  acids, butyr ic  and hexanoic acids, 
are in fact  contraindicated as sources of the higher 
f a t ty  acids. Upon feeding d e u t e r i o - b u t y r i c  acid 
( C H 3 - C I I I ) - C A t D - C O O I I )  alnt dcutcrio-hexanoic 
acid ( C I [ 3 - C I I D - C I I I ) - ( ) I t D - C I I I ) - C O O t t )  Ritten- 
berg, Schocnheimer, and Evans (25) were unable to 
find significant amounts of deuterium in the depos- 
ited fat. Thus these lower f a t ty  acids could not have 
served directly for  condensation with acetate toward 
higher  fa t ty  acid production. The authors point out 
that  if these acids were first converted to keto acids, 
the deuter ium might  be largely lost by enolization 
and exchange. Actually all the evidence indicated a 
rapid oxidation of the lower fa t ty  acids ra ther  than 
their  serving as a source for synthesis of higher fa t ty  
acids. There is no sound evidence to conclude whether  
the natural ly  occurring lower fa t ty  acids, for  examl)le 
butyr ic  acid in cow's milk fat  or caproic acid in goat 's 
milk, arise from condensation of smaller molecules or 
f rom degradation of higher units. 

Polyketo Acids as Intermediates in Fatty Acid 
Synthesis: I f  the lower fa t ty  acids are themselves 
not intermediates in the synthesis of higher fa t ty  
acids, it seems possible that acetoacetate might un- 
dergo fu r the r  condensation with acetate without pr ior  
reduction to butyr ic  acid. Polykcto acids would be 
intermediates, a mechanism which has been previ- 
ously suggested (26) and is i l lustrated in Figure  4. 

According to this theory fl,8-diketo hcxanoic acid is 
the direct product  of the condensation of aeetoa(,etate 
and acetate and incidentally would also be the prod- 
uct Of "mul t ip le  al ternate oxida t ion"  of hcxanoic 
acid. This compound (triacetic acid) has been syn- 
thesized in our  laboratory (27) and an analytieal 
method developed (28) for  its determination in bio- 
logical materials. I t  was then found that triacetic 
acid was readily metabolized by  liver (29) and an 
enzyme was isolated fronl {his tissue (30) which 
hydrolyzcs triacetic acid to acetoacetate and acetate. 
This is the reverse of the reaction postulated for the 
synthesis of f a t t y  arids. The exact significance of 
triacctic acid has not yet hecn determined, whether 
it is involved in synthesis, oxidation, or both, but at 
least one essential requirement has been met, namely 
that  thc compound is biologically active. 

Requirements for Fatty Acid Synthesis: Of the 
common food materials, fa t  possesses per gram of 
material  the greatest energy content. Synthesis of 
f a t t y  acid must therefore require considerahle energy, 
a biological process whieh undoubtedly requires the 
complex organization of the ('.ell. With our t)resent 
knowledge of coupled reactions and the role o f  en- 
ergy-rich phosphate compounds, the time nevertheless 
seems ripe for a demonstration of fa t ty  acid synthesis 
in relatively simple biological systems. 

Some of the replacements for  the organization of 
the cell are recognized. With the energy requirements 

of fa t ty  acid synthesis, it seems certain that adenosine 
triphosphate, or a coupled reaetion in which energy- 
rich phosphate is produced, is involved in the syn- 
thesis. The hormone insulin may also be concerned. 
As early as 1940 I ) ru ry  (31) suggested that iusulin 
is directly involved in the utilization of sugar for  
fat  synthesis. Fur ther ,  in experiments of the type 
introduced, Schoenheilner, Stetten, and Boxer (32) 
showed that  in alloxan diabetes the incorporation of 
the deuterium of body water in the depot fa t ty  acids 
was decreased to only 5% of normal. This of course 
does not prove a direct action of insulin in the fa t ty  
acid synthetic process since a lack of carbohydrate 
intermediates for  the synthesis might also yield the 
same experimental  result. 

Recent tissue slice experiments however do indicate 
a ra ther  direct function of insulin in fa t ty  acid syn- 
thesis. Thus Bloeh and Kramer  (33) studied the 
incorporation of carboxyl labeled acetate in the fa t ty  
acids of ra t  liver slices in the presence of other car- 
bohydrate  intermediates. Pyruvate  was part icularly 
effective in increasing the incorporation of aceti~ acid, 
and the addition of insulin caused a fu r ther  doubling 
of this incorporation. In these experiments the role 
of insulin seems more specifically c o n c e r n e d  with 
fa t ty  acid synthesis. I t  will be noted in these studies 
that acetate itself was not readily ineorporated. IIere 
again therefore it is indicated that  one of the two 
carbon units undergoing condensation may have to 
arise in special form from pyruvate  or at least be 
closely allied to the energy derived from pyruvate  
breakdown. In this connection it is of interest that, 
a f ter  feeding rats pyruva te  with carbonyl labeled 
carbon (CII~-C ~*O-()OOII), radioactivity was found 
in the saturated fa t ty  acids of the liver and carcass 
(34). In fact  the hulk of the C TM recovered was found 
in the fa t ty  acids. 

The vitamin p a n t o t h e n i c  acid, in the form of 
eoenzymc A (coacetylase), may also be involved in 
fa t ty  acid synthesis. This coenzyme has a role in both 
pyruvate  and acetate metabolism (35, 36) and in 
aeetylation reactions involving acetate and sulfanil- 
anlide or choline (37). Soodak alnt Lipmalm (20) 
have recently shown lhat  cocnzymc A is necessary in 
the formation of aee|oacetate from acetate and, if this 
reaction is a prototype of biological fa t ty  acid syn- 
thesis, the importance of pantothenic acid is obvious. 
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Report of the Committee on Analysis of 
Commercial Fats and Oils 
Fall Meeting, November 1948 

Determinat ion of Free F a t t y  Acids for Refining Test 

T I l E  present method for the determinat ion of tile 
free f a t ty  aeids ill crude vegetable oil, Ca 9a-41, 

page 4, D (for refining test) specifies the use of 
a 7,05-gram sample inspection of free acid content. 
Since many  crude oils run  too low for  this method to 
be entirely satisfactory,  the Connnittee reeomlnends 
that  Method Ca 5a-40 be nsed instead and that  Method 
Ca 9a-41 be rewrit ten accordingly. 

SUB(:OM M I T T E E  ON F .  A ,  C .  (~'OLOR M E ' r S t o I ) :  

(E. W. Blank, Chai rman)  

Copies of a questionnaire relat ing to the F. A. C. 
Color Method were submit ted to approximate ly  50 
users of the F. A. C. Color Standards.  Much of tile 
criticisnl of the F. A. C. Color S t a n d a r d s  centers 
around the l l A ,  113, and l l C  standards.  A sug- 
gestion has been made that  these s tandards  t)e re- 
designated. Your chai rman has been unable to obtain 
any unanimi ty  of opinion on this proposal. I t  may  
be pointed out that  irrespective of how the stand- 
ards are designated, the probhun of in terpre ta t ion 
remains a p e r s o n a l  one. The problem was thor- 
oughly discussed in a meeting of the subcommittee 
at New York and plans made for  proceeding with 
the problem. 

S U B C O M M I T T E E  ON D E T E R M I N A T I O N  OF ~PERoXIDE 

VALUE,S  : 

(A. R. Baldwin, Chairman)  

Three separate studies of the Wheeler  method for  
determining peroxide vahles have been nlade by  the 
collaborating groups. The extent of agreement  within 
and among several laboratories was evaluated in ttle 
first test. The data shown below indicate that  agree- 
ment  oll duplicate samples within each labora tory  
was very good and tha t  all results  agreed surpris-  
ingly  well. 

The second series was designed to note the effects 
of vary ing  the reaction time from one to five minutes 
and of vary ing  the interval  between water  addition 
and t i tration.  Differences between values obtained 
at  one- and five-minute reaction times were not as 

Peroxide Value.s of Oxidized Fats 
(Unaltered Wheeler Method) 

C n l l a h o r a t o r  1 

Peroxides ( M e / K g )  
Lard 

Ave, 

Corn oil 

Ave. 

25.8 
26.1 

', 26.4 
26.5 

26.2 

21.8 
22:2 

! o , )  0 

I 2 2 (  

2 3 

2 7 . 0  26.5 
26.0 24.5 
25.7 25.5 
25.O 25.3 

25.6 
25.9 -I 25.5 

23 .',l I 23.4 
23.O 23.1 
22.9 23.4 
22.0 23.4 

23.2 
2'2.8 23.3 

25.2 
25.O 
24.9 
25.4 

25.1 

20.7 
20.9 
20.9 
21.5 

21,0 

24.5 
24.7 
24.5 

24.6 

19.7 
20.0 
20.2 

29.O 

large as were expected. However,  in general, the 
peroxides apI)eared to be somewhat higher af ter  five 
minutes of reaelion than  a f te r  one minute. There 
was greater  var ia t ion among laboratories  on corn off 
than on lard,  but  the dnpl ieabi l i ty  within individual 
laboratories again was very good with an average 
difference between duplicates of about  0.5 Me/Kg.  

The lapsed time between water  addition and t i t ra-  
tion up to five minutes had no effeet on the peroxide 
values of lard, but  wide var ia t ion was found between 
t i t rat ion immediately  and  a f te r  five minutes  for corn 
oil. T i t ra t ion  immediately a f te r  water  addit ion would 
seem to be indicated f rom these results. 

The th i rd  series of samples was dis t r ibuted for  the 
purpose of s tudying the effeets of sample size (1.0 
to 10.0 g.) on peroxide vahles. Several reports  in the 
l i terature  have indicated tha t  with increased sample 
size the appa ren t  amount  of peroxides is reduced sig- 
nificantly. Fo r  both lard and corn oil the peroxide 
values, when 10 grams of fa t  were used, ranged 10 
to 20 per  cent lower than  when only one gram of fa t  
was analyzed. In  fact,  sample size thus fa r  in the 
investigation of the Wheeler  peroxide method appears  
to be the most significant variable.  

~ U B C O M M t T T E E  ON [TNSAPONlt ,  UABLE ~ A T T E R  : 

(C. P. Long, Chai rman)  

I )ur ing  the year,  cooperative work was done on two 
samples of tallow. These were analyzed by  the A. 0. 
C. S. Method Ca 6a-40 and the modified S. P. A. ethyl 
ether method official for  the A. 0. A. C. 


