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C. 1)IgOCEI)URE 

1. The, sample must be absolutely clear. I f  not, 
filter through a specified pallet at a tempera- 
lure of at least 10~ above the melting l)oint 
of the fat. The  s a , np l e  should not be hehl 
melted longer than necessary since darkening 
nlay oeettr. 

2. Turn  on the spectrophotonmter and allow at 
least a 20-minute warm-uI) period before stand- 
ardizing or making any measurement. 

3. Set the wavelength scale to the desired wave- 
length. 

4. Recheck the zero reading of the i n s t r u m e n t  
and, with a euvette filled with C('I~ in tlle in- 
strument, set the 100% t r a n s m i s s i o n  point 
exactly. 

5. Fill a euvelte with the standardizing nickel 
sulfate solution and read the transmittance at 
400 nl~. Repeat 3 and 4 at 470, 510, 525, 550, 
and 700 ,nillimierons. The readings must fall 
within the limits prescribed, or the inst,'ulnent 
shonhl be adjusted to give the correct response. 

6. Fill a euvette with the sample using a suffi- 
cient amount of oil to insm'e a full column in 
the light beam. 

7. ])lace the filled tube ill the instrument and read 
the otttieal density to the nearest 0.001 at 525 
millimierons. 

REPORTING : 

1. Report the optical density multil)lied by 1,000. 

(Red color .... density X factor)  
Fac tors :  up to .085 density 

red =- density X 42 
above .085 density 

red = 23.4 density Jr- 1.52 

Special instrument scales for reading red colors 
directly may be used. 

NOTE** The al)ove report,  which was 1)reparcd by a subcom- 
mittee, was approved by a ma jo r i ty  vote of the Oil Color 
Com,nittee and submit ted to the Uniform Methods ( 'ommittee 
fo r  action. That  committee recommended the spectrol)hoto- 
metric method for vegetable oil color measurement  at the 
(.onvention of the A.O.C.S. in New Orleans, and by unanimous 
vote of the Society it was adopted as ~ tentative method. 

(}. WORTIIEN AGEIr chairman. 

Nutrition in Relation to the Glyceride Oils" 
C. G. KING, Scientific Director, The Nutrition Foundation; and 
Professor of Chemistry, Columbia University 

W I I E N  viewed in the light of their industrial 
and physiological importance, the oils and fats 
have received far  less research consideration 

than the)" deserve. A s(.ientist, who has worked with 
oils and fats, sehlom has any difficulty in seeing op- 
I)ortunities for research on their nutrit ive properties 
that he wouhl like to see exph)red. But an execu- 
tive, who is resI)onsible for managing an industrial 
enterprise, or a laylnan, who simply wants to make a 
contribution to tile betterment of mankind, nmy have 
more difficulty in gaining a (.omliarable degree of en- 
thusiasln. There is constant need to focus (,onvineing 
arguments upon st)celtic problems that offer promise. 

First  of all, I would urge the basic principle that  
those who work toward the solution of practical prob- 
lems ill agriculture, in tile food industry, and ill other 
areas where fats and oils are used, could approach 
many of their respective tasks more efficiently if 
chemists couhl discover tile reactions by which llle 
various types of fats are formed. For  example, no 
one knows how linolenic, oMc, rieinoleie, or eleoste- 
arie acids arise from simpler intermediates. ]n an 
eml/irical way it is known that earbohydrates are con- 
verted to fats in both plants and animals, but  little 
is known of the intermediate steps. Economic gains 
from breeding farm crops with higher oil yMds  can 
be seen readily, as in tile ease of soybeans and corn. 
The geneticist couhl work more efficiently if the reac- 
tions he is seeking to aeeonlplish were known. 

The mechanism by which carbohydrates are (.on- 
verted to fats in the animal body is of frequent coil- 

* Pre.senled at 22nd annual fall meetinr American Oil Chemists' 
Society, New York City, Nov. 15-17, 1948. 

eern to scientists who are interested ill food. Those 
who are dealing with human health are especially 
interested in the changes because the key to several 
nledieal probelms lies at tile crucial point of carbo- 
hydrates-to-fat conversion in the human body. For  
example, there is much evidence to suI)port the cur- 
rent concept of physicians and bio-ehemists that in 
the diabetic I)atient most of the acute or chronic dam- 
age, to the body is caused by the aeeuiuulation of 
intermediate fragments of fa t ty  acids. At  one time 
the injuries were thought to be associated ahnost 
soMy with the high sugar content in the tissues of 
diabetic patients, hut  current  evidence points chiefly 
toward tile fats. 

Additional illustrations of the iml)ortanee of gain- 
ing fur ther  knowledge of fat  metabolism come from 
observations on nutrients other than fats. Several 
acute and chronic diseases are characterized by an 
initial disturbance in fat  deposits. The first evidence 
that something is wrong may be seen in the form of 
abnormal deposits of glyeeride fats within the cells. 
Several vitamin deficiencies, for examI)le, are charac- 
terized by such a change. The chemist who attempts 
to work with the physician or veterinarian in gaining 
a clue to the mechanisms that have become distm'bed 
when the fat  droplets appear in the kidneys and liver, 
scarcely has enough information about the origin or 
t ransport  of fat  to make a helpful suggestion. 

O N E  may well ask, " W h y  should a food scientist 
be concerned with this problem ?"  There are nu- 

nlerous attswers, but  perhaps one will suffice. Several 
years ago Wendell (~rifflth of St. Louis University, 
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H. C. Best of the Univers i ty  of Toronto, and others 
observed tha t  a deficiency of one of the common in- 
gredients of crude fats, choline, resulted in a loss of 
growth capaci ty  in experimental  animals and within 
a fair ly  short time there were s t ructura l  changes in 
tim liver and kidneys, followed by  henlorrhages and 
ul t imately deatk. Massive deposits of fa t  and swell- 
ing were folh)wed by  deposition of scar tissue, or 
cirrhosis. 

Meanwhile many  investigators were exploring the 
chemical and biological propert ies  of choline, and it 
came to be regarded as a member  of the v i tamin B 
comI)lex as well as an ingredient  of many  crude fats  
and proteins. 

At the Alabama  Ins t i tu te  of Technology, W. I). 
Sahnon and his associates, R. W. Engel  and l). II .  
Copeland, recently hit  upon another  discovery of wide 
interest regarding  choline. Their  animals showed the 
expected deposition of fa t  and sear tissue when in- 
ju red  by a choline deficiency, but  when they were 
continued through a longer period, a high incidence 
of tumors or cancer tissue developed. This repor t  of 
carcinogenesis subsequent to distortion of fa t  depos- 
its, has been confirmed dur ing the year  by  another  
laboratory  and has been extended to include another  
type of animal. 

To avoid misunders tanding may [ emphasize tha t  
these findings have dealt only with exper imental  ani- 
mals;  they should not be i n t e r p r e t e d  as having a 
direct significance in human physiology except in this 
sense, research men now have a new pa thway  charted 
by  which to explore both the ear ly stages of fa t  depo- 
sition and the origin of cancer under  careful ly  con- 
trolled conditions. As a fu r the r  item of interest  in 
relation to the cancer problem and its association with 
unknown areas of fa t  metabolism, one should also 
note the findings of Applebaum,  Rusch, Bauman,  and 
others in which they observed an increased incidence 
of cancer in rats  when there had been a high intake 
of fat  and a high intake of total calories. These re- 
ports  in no way imply that  a normal  use of fa t  will 
increase the risk of cancer, but  they offer interest ing 
an(I significant areas to explore. 

A fu r the r  and recent discovery is highly significant 
f rom the point of view of choline and fa t  metabolism. 
Dr. C. II.  Best of Toronto repor ted recently a t  the 
New York Academy of Medicine a most interest ing 
sequence of exper imental  findings. Young growing 
rats, af ter  being subjected to a choline deficiency for  
only a fcw days, were then given a generous and ade- 
quate mixed diet through succeeding months. They 
showed the usual f a t ty  deposits in the liver and kid- 
neys within 24 hours, but  something else was set go- 
ing that  did not become evident at once. Af te r  a 
few months '  feeding on a diet regarded as generous 
in all respects, the animals, which had been in jured 
apparen t ly  in a t rans i tory  way, began to show a 
rising blood pressure and enlarged hearts. When ex- 
amined by  a pathologist,  the tissues of the animals  
showed the general  types of lesions associated with 
hardening of arteries and hypertension,  despite their  
relative youth on a chronological basis. 

Again this evidence does not mean tha t  human  arte- 
riosclerosis, hypertension,  and kidney fai lure  result  
f rom choline deficiencies or abnormal  metabolism of 
fats, but  research men exploring these areas of hu- 
man health and disease, have a new and controllable 

method of s tudy  and they have identified one specific 
causative a g e n t - - t h e r e  may  be others. 

R E T U R N I N G  to some of the more pract ical  aspects 
of fats  in human  nutr i t ion,  the nutr i t ive  quali ty 

of bu t te r  fa t  compared  with other plant  and animal 
fats, with or without  hydrogenat ion and blending, 
can scarcely escape consideration. Past  disagreements  
in this area are not new to our attdience, I am sure. 
Possibly some individuals,  however, have not seen 
the excellent review by  J.  A. B. Smith in the fall 
issue of the British Journa l  of Nutr i t ion [2, 1.,(}0-201 
(1948) ]. in  summary ,  there is ahnost complete agree- 
ment  among research men, including those who, like 
Dr. Smith, work in da i ry  research lahoratories,  that  
the nutr i t ive qual i ty  of the glyceride port ion of but-  
ter  fa t  is not significantly different f rom tha t  of 
other common edible fats, when measured in hunlan 
or ra t  tests on a mixed dict. Such a conclusion does 
not imply  that  under  highly restr icted conditions, all 
fats  will permi t  the same response. It  is obvious that  
they do not and tha t  research should be continued 
at a so-called pure  research level to define the dif- 
ferences. (The heat  of the a rgmnents  and  possibly 
the desire on the pa r t  of non-scientists to gain po- 
litical or economic advantages  have been more inten- 
sive than the suppor t  of research to tind accurate 
objective answers on which competent  scientists can 
agree.) 

A considerable amount  of research with small ani- 
mals has dealt  with the apparen t ly  unique role of 
certain f a t t y  acids. These are concerned p r imar i ly  
with the essential requi rement  of linoleic or closely 
related A-9 f a t t y  acids with a cis-eonfigm'ation. In 
animal tests an advantage  for  such acids can be denl- 
onstrated, but  there is no adequate evidence by  which 
to appraise their  value in hmuan  feeding. This situ- 
ation seriously needs consideration. One of the stum- 
bling blocks at  present  is the lack of sa t is factory 
nliero methods of analysis for  the unsa tura ted  f a t t y  
acids. 

Perhaps  the most recent ar r iva l  in the f a t t y  acid 
group with specific nutr i t ive  claims advanced for  it, 
is vaecenic acid, the de l ta - l l ,  t rans-isomer of oMc 
acid. The early findings in regard to the unique role 
of vaceenic acid have not been confirmed. In  a recent 
pape r  Jansen,  too, repor ts  tha t  with a pu re r  p roduc t  
he cannot confirm his earlier finding. 

On the negative side, I [ a r r i s  and his associates have 
shown that  an excessive intake of the hydroxy  f a t t y  
acids can cause marked  in jury  and hemorrhages  in 
rats  as a result  of v i tamin K deficiency. 

I t  is probable  tha t  indirect  effects, analogous to 
I I a r r i s ' s  findings for  vi tamin K, and favorable  effects 
repor ted in some i n s t a n c e s  for biotin, v i tamin B~, 
vi tamin B~, etc., account for  m a n y  of the difficulties 
eneomltered in studies of the nutr i t ive  qualities of 
fats. 

In  the eases where appa ren t  differences between 
individual  glycerides are not great  enough to be sig- 
nificant in the mixed diets of our human populat ion,  
I do not see how one can jus t i fy  leaving these areas 
of research unexplored.  There is often an expressed 
concern regard ing  fa t  products  on the pa r t  of the 
public, the medical profession, legislative leaders, and 
c i v i c - m i n d e d  individuals.  Even minor differences 
should be understood and clarified for use by  the 
food indus t ry  and by  the medical profession. 
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Several questions in regard  to the utilization of 
highly unsa tura ted  f a t t y  acids have arisen f rom stud- 
ies of v i tamin E defMeney. Peculiar  yellow-to-brown 
deposits of complex f a t t y  mater ial  are observed in 
tile muscle ti.~sues of animals sut)jceted to a chronic 
defieieney of the vitamin. The metabolic breakdown 
shows some resenlt)lance to the human  condition in 
" m u s c u l a r  d y s t r o p h y . "  I t  has not been possible, 
however, to define the basic chemical changes that  
heeome disorganized in either case. The relationship 
between the two disorders may  be casual, ra ther  than 
direct, trot there are indications of a common chemi- 
cal disturbance.  

The over-all rate of oxidative processes in the ani- 
mal  body, as measured by oxygen uptake,  becomes 
accelerated as a result  os prolonged vi tamin E deft- 
cieney, much as it does when there is a prolonged 
(telieieney of vi tamin C. This relationship of regulat-  
ing normal  biological oxidation piques the curiosity 
of all oil chemist, because, though apparen t ly  unre- 
lated in chemical s t ructure,  tile two vi tamins are used 
commercial ly as fa t  antioxidants.  

A N O T I I E R  nutr i t ive  relationship of the glyceride 
fats  of ra ther  wide interest  is the sparing action 

in the requirement  for certain vitamins. In  the case 
of vitamins B, and B,, for  example, the. requirement  
is markedly  less when fats  replace carbohydrates  in 
the diet isocalorieally. 

A few laboratories have made remarkable  progress 
within the, last two years  in chart ing the steps by  
which fa t ty  acids are broken down in the animal body 
to y M d  energy. Imw m o l e c u l a r  weight f ragments  
a l lparent ly  enter  into the general channels of inter- 
mediate metabolism, where they overlap with both 
proteins and carbohydrates .  It  is a pleasure to note 
that  in tomorrow's  p rog ram some of these men will 
have an ol)portunity to present  their  work. This area 
of s tudy is one of tile br ightes t  chapters  in recent fa t  
research. 

From the point of view of pract ical  human  feeding 
under  differing enviromnental  c o n d i t i o n s  there has 
been progress. For  example, with human subjects in 
aviation chambers  at low telnperatures,  Keeton and 
II.  II. l~Iitchell and their  ,associates found the great- 
est degree ot, resistance against  physical  and mental  
i m l ) a i r m e n t  f rom extreme cold when tile subjects 
were fed, at f r e q u e n t  intervals, a diet high in fa t  
content. To almost everyone 's  surprise, high protein 
diets came out a poor third. When the feeding inter- 
vals were more normal ly  spaced, greatest  efficiency 
was achieved wiih diets high in carhohydrate .  The 
lat ter  has practical advantage  also in feeding men 
under  special conditions: a diet relatively high in 
carbohydrate ,  1)ut not neee,~sarily free f rom fats  or 
I)rotein, can impar t  to the aviator  an increased toler- 
ance of anoxia, or al t i tude exposure in parallel  with 
increased tolerance of cold. 

There is relatively little data  f rom which one can 
evaluate the practical  gains in physiological efficiency 
that  might  be accoml)lished dur ing periods of hard  
work and severe climatic exposure, by  differing fa t  

ratios in a diet. One observes under  na tura l  condi- 
tions a general practice of consuming diets high in 
fat, as among natives in arctic areas, bu t  this result 
may be a pract ical  mat te r  of na tura l  selection on the 
basis of a l imited food supply  ra ther  than a result 
of experience in achieving maximum physiological 
effi(!ien(:y. 

T t I E  work at Pennsylvania  State College with ex- 
l)erimental animals is of wide interest because of 

its implication that  max imum physiological efficiency 
might  he achieved with a fa t  intake somewhere in the 
range of 40% of tlle total caloric value. I t  should be 
a relatively simple mat te r  to obtain comparable evi- 
dence with human subjects working in different types 
of environment  and with vary ing  caloric distribu- 
tion between carbohydrates ,  fats, and proteins. These 
problems are not just  aca(temie. For  example, flw. 
problem of supply ing  food to isolated or distant  popu- 
lation groups is always important ,  but  it will take on 
added significance if we should have to feed scattered 
groups in the arctic areas in wartime. There would 
be a great advantage in the tonnage requirement  of 
diets relatively high in fat.  Not only is the weight 
to-energy ratio two and one-fourth times more favor- 
able f rom fat,  but  there is a fu r the r  gain in that  fats  
can be t ranspor ted  with a nfinimum of water  and 
in small volume. Again, an individual would have 
a great  advantage in car ry ing  an emergency ration 
with a max imum acceptable content of fat.  Offset- 
l ing this advantage,  however, is the antiketogenic 
value of carbohydrates ,  permi t t ing  an individual to 
burn  his own surplus of fa t  for  short periods. 

Quite aside f rom commercial considerations, with 
world conditions as they are, problems of this kind 
meri t  investigation. Many of you know the a r m y ' s  
experience with pemmican and the related unsolved 
hazard of acceptabil i ty,  bu t  these prel iminary dis- 
eouraging reports  shouht not stand in the way of 
atteml)ts to p repare  foods that  might  combine physio- 
logical and mi l i ta ry  efficiency without sacrificing the 
basic requirement  of providing a rat ion that  ]hen will 
enjoy eating. 

In the foregoing I have t r ied to point out a few 
areas of research on the nutr i t ive  quali ty of fats and 
oils tha t  may  jus t i fy  at tent ion on the par t  of research 
men. At the moment  they may have only theoretical 
signiticance in the field of human health and physio- 
logical efficiency. But  reliable s~.ientific information 
has had a record of becoming useful in alnmst (weI'y 
area of humau endeavor, including industry.  Hence, 
as a mat te r  of broad policy, there is sound reason to 
encourage and suppor t  research that  gives humani ty  
new, fundamenta l  information in such areas as the 
following : 

(1) The chemistry of the origin of fats  and oils as 
a biological process; 

(2) The utilization of fa ts  in the celltflar phases of 
metabolism in the animal  body;  and 

(3) The best use of fats  in practical  situations for 
the purpose of achieving greater  economy or 
physical  and physiological efficiency. 


