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The Chemical and Physical Charac- 
teristics of Cod Liver Oil 

Results Obtained from Examination of Over 
One Hundred Samples of Known Origin 

BY ARTHUR D. HOLMES* and  WALTER Z. CLOUGH* 

N 
" U M E R O U S  inves t iga  t o r s 

have shown tha t  cod l iver  
oil is the  r i ches t  known 

n a t u r a l  source of fa t -so luble  v i t a -  
rains.  Since th i s  f ac t  became gen- 
e ra l ly  recognized,  t he re  has  been 
a cons tan t ly  i nc rea s ing  t endency  to 
eva lua te  cod l iver  oil v e r y  l a rge ly  
on the bas is  of i t s  v i t amin  content .  
Of late  th is  t endency  to g r a d e  cod 
l iver  oil solely by  i ts  v i t amin  con- 
t en t  has  led m a n y  to j udge  the  
value of cod l iver  oil la rgely ,  i f  
not wholly,  by the  amoun t  Of v i t a -  
min D t h a t  i t  contains .  In  th i s  
connection,  i t  is pe rhaps  well to 
call a t t en t ion  to the  fac t  t h a t  t h e r e  
is no official method  fo r  the  de ter -  
ru ina t ion  of  v i t amin  D and t h a t  
the method  fo r  d e t e r m i n i n g  v i t a m i n  
A a p p e a r i n g  in the  p r e sen t  ed i t ion  
of  the  Uni ted  S ta t e s  P h a r m a c o -  
pceia is opt ional .  As a m a t t e r  of 
fact ,  a t  the  p r e sen t  moment  the  
only official s t a n d a r d  fo r  cod l iver  
oil is embodied in the  specif icat ions 
set f o r t h  in the  Un i t ed  S ta t e s  P h a r -  
macopceia for  the  chemical  and  
phys ica l  cha rac t e r i s t i c s  of cod l iver  

*Research Laboratories. the E. L. Patch 
Comt, an~. Boston. Ma.~s. 

oil. F u r t h e r m o r e ,  i t  m a y  not  be 
amiss  a t  th i s  po in t  to call a t t en t i on  
to the  fac t  t ha t  the  F e d e r a l  Gov- 
e r n m e n t  ins i s t s  in no unce r t a in  
t e rms  t h a t  cod l iver  oil labeled as  
such cannot  be l awfu l ly  sold for  
consumpt ion  by men, an imals ,  or 
pou l t r y  unless i t  is in accord w i th  
the  specif icat ions for  the  chemical  
and  phys ica l  cha rac t e r i s t i c s  of cod 
l iver  oil r equ i red  by U.S.P.X.  1 

F r o m  the fo rego ing ,  i t  is evi- 
dent  t h a t  i n f o r m a t i o n  concern ing  
the chemical  and  phys ica l  char -  
ac te r i s t i c s  of p re sen t  day  cod l iver  
oil is of cons iderab le  in te res t .  In  
some local i t ies  m a n u f a c t u r i n g  con- 
d i t ions  have changed  ve ry  m a t e r i a l -  
ly du r ing  the pas t  years .  P r e s e n t  
day  m a n u f a c t u r e r s  of  medic ina l  
cod l iver  oil ins i s t  on s t r i c t l y  f r e sh  
cod l ivers .  The l ivers  a r e  cooked 
p r o m p t l y  and the  oil t ha t  is ob- 
ra ined  is s to red  out  of contact  w i th  
the a i r .  I nasmuch  as  th i s  proce-  
dure  is m a t e r i a l l y  d i f ferent  f rom 
the m a n u f a c t u r i n g  and s to rage  
condi t ions  p rev ious  to the  las t  f ew 

1 The Pharmacopeia o f  the United States o f  
America. Tenth Decennial Revission. J. B. 
Lippincott Company, Philadelphia, Pa. P. 263. 
264. 
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years ,  the  ques t ion very  m a t e r i a l l y  
a r i ses  as  to whe the r  the  p r e sen t  
day  medic ina l  cod l iver  oil is more  
un i f o r m  than  t ha t  of f o r m e r  
t imes .  

In  a s tudy  of the  n u t r i t i v e  value 
.and m a r k e t  qua l i ty  of  cod l iver  oil, 
D r u m m o n d  ~ and co-workers  found  
t ha t  the  " g r o w t h  dosage"  or v i ta -  
m i n  content  of the  oils under  con- 
s i d e r a t i o n  va r i ed  over  wide  l imi t s .  
A l a t e r  pape r  by one of us ~ r epor t -  
ed the  resu l t s  of a v i t amin  s tudy  
of a number  of medic ina l  cod l iver  
oils p rocu red  in the  open marke t .  
In  t h a t  s tudy  i t  was found  t h a t  the  
oil hav ing  the  h ighes t  v i t amin  
conten t  had  a potency of ten  t imes  
t h a t  of the  oil w i th  m i n i m u m  vi ta -  
min  content .  I t  is ev ident  f rom 
da ta  of  th i s  c h a r a c t e r  t h a t  the  
v i t am in  potency of medic ina l  cod 
l iver  oil is not  a t  all un i fo rm.  In 
fact ,  i t  is becoming  qui te  gene ra l ly  
recognized  t h a t  the  v i t amin  potency 
of any  b r a n d  or g rade  of cod l iver  
oil va r i e s  f rom lot to lot. In  view 
of  the  wide v a r i a t i o n  in the  v i ta -  
min  potency of  cod l iver  oil, the  
ques t ion n a t u r a l l y  a r i ses  as to 
w h e t h e r  p re sen t  day  cod l iver  oils 
have u n i f o r m  chemical  and  phys ica l  
cha rac te r i s t i c s .  Accord ing ly ,  th i s  
s tudy  was u n d e r t a k e n  to secure  
definite da t a  concern ing  the  chemi-  
cal and  phys ica l  cha r ac t e r i s t i c s  of  
cod l iver  oil p roduced  under  com- 
merc ia l  condi t ions .  

Or ig in  of Oi ls  S t u d i e d  

In o rde r  t ha t  the  resu l t s  of th i s  
i nves t iga t ion  should be of  gene ra l  
appl icat ion,  samples  of  cod l iver  oils 
were  ob ta ined  f rom p lan ts  located 
all a long the coast  f r om New York  

2 The Use of Cod Liver Oils in tl~e Feeding 
of Farm Animals, J. C. Drummond, S. S. Zilva, 
and .1. Goldin~, ~lo,ar. A~ri. Science, Vol. XlII, 
April, 1923, p. 153. 

a Studies of the Vitamin Potency of Cod 
Liver Oils--X--Vitamin Potency of Medicinal 
Cod Liver Oils--Arthur D. Holmes. Inn. & 
Eng. Chemistry, Vol, XVI,  No. I I ,  Nov., 1924. 

to Lab rado r .  A to ta l  of 111 samples  
of cod l iver  oil m a n u f a c t u r e d  a long 
the  ea s t e rn  N o r t h  Amer i can  coas t  
were  s tudied.  These  samples  were  
collected d u r i n g  the  pe r iod  Ju ly  
1 9 2 6 - - J u l y  1927, and,  the re fo re ,  
r ep re sen t  oils m a n u f a c t u r e d  a t  all 
seasons of the  year .  Obviously,  
the re  a re  included in th i s  g roup  of 
samples,  oils t h a t  were  manufac -  
t u r e d  a t  all s t ages  of the  reproduc-  
t ive  cycle of the  cod fish. Accord-  
ingly,  i t  was hoped t ha t  t h i s  s tudy  
would yie ld  genera l  i n f o r m a t i o n  
concern ing  w h a t  m i g h t  be t e r m e d  
ave rage  A m e r i c a n  cod l iver  oil. 

I nasmuch  as  the  samples  of  oil 
under  cons ide ra t ion  were  ob ta ined  
f rom di f ferent  m a n u f a c t u r e r s ,  com- 
plete i n f o r m a t i o n  is not  ava i lab le  
concern ing  all the  deta i l s  of the  
m a n u f a c t u r i n g  process.  However ,  
i t  is p robab ly  sa fe  to assume t h a t  
p rac t i ca l ly  all the  oils under  con- 
s i de ra t i on  were  made  by  the  d i rec t  
s team process.  All  oils coming 
f rom Newfound l a nd  were  obvious-  
ly made by the d i rec t  s team process  
since the  Ne w found l a nd  Govern-  
men t  has  ru led  t h a t  only th i s  proc-  
ess m a y  be used in t h a t  count ry .  
F u r t h e r m o r e ,  the  d i r ec t  s t eam 
process  is  now la rge ly  used in New 
England ,  New Brunswick ,  Nova 
Scotia,  and a long the  Gaspe  Pen-  
insula.  In  some isola ted  local i t ies ,  
a ce r t a in  amoun t  of "po t  oil"  is  
p roduced  by the  d i rec t  fire process .  
I t  is, the re fo re ,  poss ible  t h a t  a 
small  amount  of "pot  oil" m a y  have 
been included in some of the  oils 
r ep re sen ted  by  the  samples  s tudied.  
In  genera l ,  one m a y  assume t h a t  
the  oils s tud ied  were  s e p a r a t e d  
f rom f r e sh  cod l ivers  by cooking 
a t  a p p r o x i m a t e l y  bo i l ing  t e m p e r a -  
tu re  in contac t  w i th  w h a t e v e r  
wa te r  was  der ived  f rom condens ing  
s team. 

O r d i n a r i l y  i t  is r a t h e r  too diffi- 
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cult  to convey a definite conception 
concern ing  color by the use of 
t e rms  which are of a general  ra th-  
er  than  a specific na ture .  The 
color of the oils in this  s tudy ranged  
f rom a very l ight  or pale yellow 
to one or two samples which were 
of a s l ight ly reddish yellow color. 
In  general ,  however, the oils had 
what  migh t  be te rmed "a l ight  yel- 
low color." 

In  the tests  which are reported 
below, all the oils were chilled to 
0~ Since no cloudiness was ob- 
served in the samples at  this  tem- 
perature ,  it  is evident  tha t  all the 
oils under  considera t ion were "cold 
pressed" or "non- f reez ing  oils." 
Such oils are o rd inar i ly  produced 
by chil l ing crude cod l iver oil to 
0~ At  this  t empera tu re  the 
crude oil becomes a semi-solid mass 
which is then pressed to remove 
the  " s t ea r in"  tha t  has solidified at  
f reezing tempera ture .  As a ma t t e r  
of fact, the so-called " s t ea r in"  of 
commerce is not  pure  cod l iver 

s tear in  for  when the s tea r in  solidi- 
fies it  occludes w i th in  it  a cer ta in  
amount  of non- f reez ing  cod l iver  
oil. Thus  commercial  "cod l iver  
s t ea r in"  is a mix tu re  of s tear in  and  
cod l iver oil. 

E x p e r i m e n t a l  

In  the rou t ine  analys is  of the  
cod l i v e r  oils, the methods de- 
scribed in detail in the U. S. Pha r -  
macopoeia ~ were followed in the de- 
t e rmina t i on  of the specific gravi ty ,  
saponification value, iodine number ,  
free f a t ty  acid content ,  and the 
percent  of unsaponif iable mat te r .  
In  addit ion,  the re f rac t ive  index 
of all the oils was de termined by 
means of a Zeiss re f rac tometer  and 
the resul ts  obta ined are included 
in the following table so tha t  the 
data concern ing  the chemical and 
physical character is t ics  of the oils 
under  considerat ion may be as com- 
plete as possible. 

1 The P]larmacopceia of the United States of 
America. Tenth Decennial Revision. J. B. 
Lippincott Co., Philadelphia, Pa. P. 263-264. 

THE CHEMICAL AND PHYSICAL CHARACTERISTICS OF 
COD LIVER OIL 
Sapon. Iodine F . F . A .  Unsapon. 

Sp. Gr. Ref. Ind. Value Number Per cent Per cent 
0.922 1.4781 185.6 159.0 1.65 1,28 
0.920 1.4780 189.1 165.7 1.54 1.32 
0.921 1.4782 188.4 165.8 1.53 1.40 
0.922 1.4780 190.8 167.4 0.75 1.21 
0.923 1.4780 186.3 167.9 0.74 1.14 
0.922 1.4780 187.9 156.4 0.78 1.26 
0.923 1.4778 188.5 162.7 0.91 1.08 
0.922 1.4778 187.6 163.2 0.74 1.11 
0.923 1.4780 189.4 164.3 0.78 1.21 
0.923 1.4778 188.4 163.9 0.77 1.10 
0.923 1.4778 189.7 165.4 0,79 0.97 
0.922 1.4780 186.7 164.4 0,87 1.00 
0.921 1.4780 181.9 165.2 0.91 1.19 
0.923 1.4780 188.7 157.0 0.64 1.10 
0.921 1.4775 183.2 154.4 1.27 1.15 
0.920 1.4775 186.2 155 7 1.02 1.02 
0.920 1.4778 184.9 156.3 0.80 1.01 
0.921 1.4780 184.0 151.6 0.77 1.04 
0.921 1.4780 186.9 157.7 0.74 1.08 
0.921 1.4780 185.3 151.4 0.86 1.08 
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Sapon. Iodine F . F . A .  Unsapon .  
Sp. Gr. Ref. Ind.  Value Number  Pe r  cent  Pe r  cent  

0.922 1.4780 184.4 156.3 0.65 1.03 
0.922 1.4780 184.9 154.8 0.62 1.15 
0.922 1.4783 183.4 160.1 0.61 1.19 
0.922 1.4780 185.5 155.1 0.65 1.10 
0.922 1.4782 185.8 158.0 0.58 1.14 
0.922 1.4781 184.1 155.3 0.55 1.14 
0.922 1.4780 186.5 157.0 0.53 1.05 
0.922 1.4780 185.6 160.1 0.51 1.13 
0.922 1.4780 185.4 159.4 0.67 1.13 
0.922 1.4780 186.8 158.6 0.63 1.13 
0.922 1.4780 185.1 159.6 0.60 1,10 
0.922 1.4780 185.1 159.6 0.60 1.10 
0.923 1.4786 186.7 158.5 0.58 1.12 
0.922 1.4780 185.2 156.7 0.57 1.10 
0.920 1.4780 185.8 158.9 0.59 1.13 
0.922 1.4780 184.6 158.9 0.60 1.12 
0.921 1.4782 188.7 162.3 0.54 1.09 
0.92i 1.4778 186.8 161.1 0.79 1.02 
0.922 1.4778 186.6 158.9 0.68 1.06 
0.921 1.4778 186.2 149.5 0.66 1.08 
0.921 1.4778 184.9 156.3 0.63 1.12 
0.921 1.4776 187.3 147.6 0.50 1.06 
0.921 1.4775 187.5 155.2 0.51 1.03 
0.921 1.4777 186.5 156.6 0.48 1.04 
0.922 1.4775 188.3 157.2 0.49 1.08 
0.921 1.4775 187.9 157.6 0.53 1.08 
0.922 1.4779 188.9 164.5 0.48 1.04 
0.922 1.4772 187.2 159.2 0.49 1.05 
0.926 1.4820 187.8 181.3 0.41 1.00 
0.927 1.4805 188.6 183.1 0.31 1.01 
0.923 1.4778 187.8 159.3 0.44 1.01 
0.922 1.4778 187.9 158.2 0.41 1.04 
0.923 1.4785 180.8 156.1 0.58 1.21 
0.923 1.4785 180.9 156.9 0.60 1.25 
0.921 1.4785 188.0 154.9 0.36 1.22 
0.922 1.4785 187.9 158.5 0.36 1.27 
0.924 1.4790 183.9 159.7 0.30 1.16 
0.923 1.4790 184.2 156.3 0.30 1.17 
0.924 1.4785 186.7 154.9 0.30 1.11 
0.924 1.4785 186.5 160.7 0.30 1.20 
0.927 1.4800 187.8 173.6 0.29 1.19 
0.926 1.4806 187.1 175.3 0.30 1.15 
0.925 1.4805 187.0 174.0 0.35 1.20 
0.925 1.4805 186.8 173.6 0.29 1.12 
0.925 1.4805 186.4 173.2 0.28 1.15 
0.925 1.4895 186.5 174.7 0.29 1.23 
0.925 1.4805 186.6 172.8 0.29 1.25 
0.925 1.4805 187.0 174.3 0.29 1.12 
0.925 1.4805 187.0 174.1 0.27 1.16 
0.925 1.4803 186.0 171.2 0.36 1.24 
0.925 1.4809 186.3 171.1 0.36 1.23 
0.925 1.4805 186.1 171.1 0.34 1.23 
0.925 1.4805 186.2 171.3 0.29 1.23 
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Sp. Gr.  Ref.  Ind.  
0.925 1.4807 
0.925 1.4807 
0.925 1.4807 
0.925 1.4805 
0.925 1.4800 
0.925 1.4802 
0.925 1.4800 
0.925 1.4798 
0.925 1.4798 
0.925 1.4798 
0.925 1.4798 
0.925 1.4798 
0.925 1.4793 
0.925 1.4791 
0.923 1.4783 
0.925 1.4790 
0.922 1.4794 
0.922 1.4794 
0.923 1.4790 
6.923 1.4796 
0.922 1.4789 
0.921 1.4794 
0.923 1.4795 
0.923 1.4790 
0.923 1.4790 
0.922 1.4790 
0.923 1.4790 
0.922 1.4790 
0.923 1.4781 
0.922 1.4782 
0.923 1.4782 
0.923 1.4782 
0.923 1.4787 
0.923 1.4785 
0.923 1.4785 
0.922 1.4788 
0,923 1.4788 
0.923 1.4788 

Sapon.  Iodine F . F . A .  Unsapon .  
Va lue  N u m b e r  P e r  cent  Pe r  cent  

186.4 171.2 0.29 1.17 
187.3 172.0 0.28 1.20 
186.8 172.4 0.29 1.27 
186.7 172.6 0.30 1.29 
186.6 171.5 0.29 1.19 
186.6 171.3 0.28 1.11 
186.8 170.0 0.29 1.18 
186.0 173.9 0.29 1.19 
185.7 174.2 0.30 1.12 
186.5 172.5 0.30 1.19 
186.6 173.2 0.29 1.18 
186.5 169.4 0.37 1.10 
186.0 169.7 0.36 1.08 
186.7 170.7 0.30 1.14 
183.7 172.2 0.34 1.I4 
186.3 171.1 0.30 1.07 
184.1 169.0 0.47 1.17 
183.4 168.2 0.43 1.18 
184.5 169.0 0.36 1.19 
182.7 170.6 0.36 1.19 
184.3 172.3 0.45 1.19 
189.6 166.0 0.44 1.19 
184.4 168.6 0.39 1.36 
184.8 171.3 0.41 1.33 
184.2 168.1 0.41 1.31 
183.8 167.0 0.50 1.16 
183.8 165.6 0.48 1.19 
185.3 177.1 0.47 1.26 
181.1 167.6 0.46 1.27 
184.0 164.0 0.55 1.35 
183.3 165.9 0.58 1.32 
184.0 167.0 0.58 1.35 
185.1 166.2 0.91 1.32 
184.1 167.1 0.93 1.37 
184.6 169.5 0.92 1.34 
183.1 168.6 0.59 1.32 
184.6 169.0 0.64 1.35 
184.1 168.7 0.63 1.31 

O r d i n a r i l y  i t  is  r a t h e r  d i f f icul t  
t o  q u i c k l y  s u m m a r i z e  r e s u l t s  of  t h i s  
c h a r a c t e r  w h e n  r e p o r t e d  in  a 
l e n g t h y  t a b l e .  A c c o r d i n g l y ,  f o r  t h e  
c o n v e n i e n c e  of  t h o s e  w h o  m a y  w i s h  
to  q u i c k l y  s u m m a r i z e  t h e  r e s u l t s  
0f t h e  a n a l y s e s ,  t h e  r e s u l t s  g i v e n  
a b o v e  h a v e  b e e n  p l o t t e d  as  c u r v e s .  
T h e s e  c u r v e s  a r e  r e p o r t e d  in  c h a r t  
No .  325 w h i c h  f o l l o w s :  

I n  o r d e r  to  m a k e  i t  p o s s i b l e  f o r  
one  to  c o m p a r e  t h e  c h e m i c a l  a n d  
p h y s i c a l  c h a r a c t e r i s t i c s  of  t h~  a b o v e  
oils  w i t h  t h e  official s p e c i f i c a t i o n s  ~ 
f o r  t h e  c h e m i c a l  a n d  p h y s i c a l  c h a r -  
a c t e r i s t i c s  of  m e d i c i n a l  oil, t h e  l a t -  
t e r  d a t a  a r e  r e p o r t e d  on n e x t  p a g e :  

1 The Pharm~-coooeia of the United States--  
Tenth Revision. J. B. Lippincott Company, 
Philadelphia, Pa. Page 263. 
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I I I OF COD L I V E R  OIL 
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Graphic representation of variations in the chemical characteristics of 111 
samples of cod liver oil 

C H E M I C A L  A N D  P H Y S I C A L  C H A R A C T E R I S T I C S  OF M E D I C I N A L  
COD L I V E R  OIL 

Sapon.  Iodine  F . F . A .  Unsapon .  
Sp. Gr.  Ref.  Ind.  Va lue  N u m b e r  P e r  cent  Pe r  cent  

0.918-0.927 Not  r epo r t ed  180-190 140-180 1.41 1.5 
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C o m p a r i n g  these  values  wi th  those  
ob t a ined  in the  ana lys i s  of the  
samples  d iscussed here,  i t  wil l  be 
noted t ha t  wi th  the  except ion of 
one or  two minor  deviat ions ,  all 
the  samples  in ques t ion met  the  
specif icat ions of the  U. S. P h a r -  
macopoeia. Never the less ,  i t  is in-  
t e r e s t i n g  to note  the  ex ten t  to 
which  the  chemical  and phys ica l  
c h a r a c t e r i s t i c s  of the  d i f ferent  
samples  va ry .  The  m i n i m u m  and  
m a x i m u m  specific g r a v i t i e s  o h -  
r a ined  fo r  the  oils in quest ion were  
0.920 and 0.927 respect ive ly .  The 
r e f r a c t i v e  index of the  samples  
v a r i e d  f r o m  1.4772 to 1.482. The  
saponif ica t ion  number  of the  d i f -  
f e r e n t  oils va r i ed  f rom 180.8 to 
190.8 and w i th in  these  l imi t s  the  
d i f fe ren t  samples  va r i ed  to such an 
ex ten t  t ha t  few samples  had  the  
same  saponif ica t ion  number .  The  
iodine  values  va r i ed  f rom 147.5 to 
183.1, bu t  w i th in  these  l imi t s  the  
iodine  values  were  somewhat  more  
cons t an t  t han  was the  case w i th  
the  saponif ica t ion numbers .  The 
f r e e  f a t t y  acid content  of  the  oils 
in ques t ion va r i ed  cons iderab ly  fo r  
the  f irst  few samples  analyzed.  
Only fou r  samples  exceeded a f a t t y  
ac id  content  of  1.25%. The ma-  
j o r i t y  of  the  samples  had  a f ree  
f a t t y  acid  content  under  0.75% 
and a p p r o x i m a t e l y  one t h i r d  of  the  
to ta l  of  samples  had  f ree  f a t t y  
ac id  content  of  less than  0.3%. 

In  genera l ,  the  unsaponif iable  
con ten t  of the  oils under  cons idera-  
t ion  was  be tween 1.0% and 1.25%. 
A compar i son  of the  ana lyses  of 
the  oils shows t h a t  the  pe rcen t  of 
unsaponif iable  m a t t e r  in the  oils 
was more  nea r ly  u n i f o r m  than  the  
values ob ta ined  fo r  specific g r a v i t y ,  
r e f r a c t i v e  index,  saponif ica t ion  
value,  iodine number ,  o r  f ree  f a t t y  
acid  content .  

As  one cons iders  these  resu l t s  
the  ques t ion n a t u r a l l y  a r i ses  as to 

the  cause  fo r  the  va r i a t i on  in the  
d i f ferent  oils. W i t h o u t  doubt ,  
m a n y  f ac to r s  con t r ibu te  to th i s  
condi t ion,  bu t  in the  absence of  
evidence to the  c o n t r a r y  one m a y  
assume t h a t  the  n a t u r e  of the  d ie t  
of the  fish p robab ly  ve ry  m a t e r i a l l y  
influenced the c ha r a c t e r i s t i c s  of the  
l iver  oils. Numerous  inves t iga to r s ,  
such as ShutV,  R icha rdson  '~, Rosen-  
field% and Mendel and Ande r son  7, 
have shown t h a t  the  n a t u r e  of  the  
d ie t  of land an imals  has  a pro-  
found  influence on the  c ha r a c t e r -  
i s t ics  of the  body fa t .  F u r t h  s 
c la ims t ha t  the  c ha r a c t e r i s t i c s  of 
h u m a n  f a t  a re  influenced by  the  
n a t u r e  of the  diet .  As evidence,  
he s t a tes  t h a t  the  sk in  f a t  of bab ies  
fed  b r e a s t  mi lk  is r i che r  in un-  
s a t u r a t e d  f a t t y  acids  than  t h a t  of 
bab ies  fed  ar t i f ic ia l  milk.  

The conclusion to be d r a w n  f rom 
these  resu l t s  is t h a t  the  chemical  
and  phys ica l  c ha r a c t e r i s t i c s  as  well 
as  the  v i t a m i n  potency v a r y  w i th  
d i f ferent  cod l iver  oils.  Accord ing-  
ly, i nves t i ga to r s  u s ing  cod l iver  
oil as  a sub jec t  of  i nves t iga t ion  and 
o the rs  ,who i n t e r p r e t  the  resu l t s  of 
cod l iver  oil i nves t iga t ions  should 
r e m e m b e r  t h a t  cod l iver  oil can 
not  be cons idered  as a chemical ly  
pure  subs tance  wi th  u n i f o r m  char -  
ac te r i s t i c s  and v i t a min  content .  
I n s t e a d  i t  should be r e me mbe re d  
tha t  any  cod l iver  oil ob ta ined  in 
the  open m a r k e t  will  in all p robab i l -  
i ty  have somewhat  d i f ferent  chemi-  
cal and phys ica l  c ha r a c t e r i s t i c s  and  
v i t a m i n  content  than  those  of an-  
o the r  cod l iver  oil ob ta ined  in the  
open marke t .  
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