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TABLE V 
l~un V I - - M u s t a r d  Oil with Glycerol (98%) Tempera ture  250~ 

Sample No. 

1 
2 .... 
3 
4 
5 
6 
7 
8 
9 

10 
1 

Time Of 
reaction 
( min. ) 

0 
15 
30 
45 
60 
90 

120 
150 
180 
210 
240 

]~ydroxyl 
value 

10.73 
26.02 
32.85 
36.63 
46.28 
50,47 
67.01 

124.80 
155.50 
169.30 
169.70 

% 0ombined-glycerol a 

Original Reacted 

9.436 0.9145 
9.436 1,422 
9.436 1.796 
9.436 2.003 
9.436 2.530 
9.436 2.758 
9.436 3,390 
9.436 6.822 
9.436 8.500 
9.436 9.145 
9.436 9.276 

% Mona- 
glyceride (p) 

0.9208 
3.321 
7.499 
8.943 
9.788 

12.280 
16.860 
21.680 
36.170 
33.440 
26.07 

% Diglyc- 
eride 
(q) 

16.65 
19.41 
13.11 
12.69 
21.14 
18.72 
15.43 
43.74 
59.74 
82.80 

108.50 

% Tri-glyc- 
eride 

[ 10O-(p+q) ] 

82.43 
77.27 
79.39 
78.37 
69.07 
69.00 
67.71 
24.58 

4.09 
--16.24 
--34.57 

aReacted glycerol, 1]'/1829 X 100. 

in Tables I and V. This difference in the behavior of 
mustard oil may be due to the presence of isothiocy- 
anates (13), or it may be an inherent p roper ty  of 
erueie acid oils. 

Equil ibrium monoglyceride contents of peanut  and 
mustard oils are lower than those of linseed oil (58- 
60%),  as reported by Runk. This may be due to the 
better solubility characteristics of the unsaturated 
fa t ty  acids of linseed oil in glycerol. F u r t h e r  lower- 
ing of equilibrium monoglyceride content of mustard 
oil may be due to the presence o f  high molecular 
weight acid (erueic acid). Kawai (8) has also found 
that glyeerolysis is selective and that  fa t ty  acids of 
low molecular weight and higher unsaturat ion are 
pr imari ly  re-esterified while those of high molecular 
weight and lower unsaturat ion are mostly left  un- 
changed. Thus the nature  of component acids pres- 
ent in the oil influences the r e l a t i ve  amoun t s  of 
mono- and diglycerides formed. 

Summary 
The glyeerolysis of peanut  and 1Bustard oils has 

been carried out in the presence of catalysts such as 

lime and litharge. The effect of time and temperature  
on the rate of glyeerolysis has been studied. The 
monoglyceride contents and hydroxyl  values of the 
washed samples have been determined. The diglyc- 
eride and triglyeeride contents of the products have 
been computed from the monoglyceride percentage 
and the hydroxyl  values. 
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The Fractionation of Marine-Oil Fatty Acids with Urea I 

CLAUDE DOMART, 2 D. T. MIYAUCHI, and W. N. SUMERWELL, Fishery 
Technological Laboratory, 3 Seattle, Washington 

O ILS obtained from marine animals such as the 
menhaden, herring, and seal are characterized 
by their  substantial content of long-chain fa t ty  

acids having 20 to 24 carbon atoms and 3 to 6 double 
bonds. On the other hand, such oils also contain 
abundant  amounts of the shorter chain, more satu- 
rated fa t ty  acids. The heterogeneous make-up  of 
marine oils is exemplified by  the analysis of North 
Atlantic menhaden oil reported by Armstrong and 
Allen (1). They found 23.5% of saturated fa t ty  acids 
varying from 14 to 18 carbons in chain length. The 
unsaturated constituents were composed of 15.5% Cls 
acids having one double bond, 30% Cls acids having 
an average of two double bonds, and 31% C~o and 
C22 acids, each series having an average of five double 
bonds per molecule. 

This broad mixture of saturated and unsaturated 
fa t ty  acids in marine oils makes necessary a prelimi- 
na ry  separation before t h e  oils c an  be used for some 

1 Presented a t ' the  Regibnal American 0heroical Society ~Ieeting, Rich- 
land, Wash., June  11-12, 1954. 

2 Smith~Mundt Fellow at the  U n i v e r s i t y  of Washington, 1952-1953. 
s One of the laboratories of the Branch of 0ommercial Fisheries, Fish 

and Wildlife Service, U. S. Department  of the  Inter ior .  

purposes, par t icular ly  those requir ing oils with good 
drying  properties. Fract ional  crystallization at low 
temperatures  and fraetionation with propane by the 
Solexol process are examples of methods used to r e -  
move the more saturated components f rom oils. 

The demonstration by Bengen (2, 3) that  urea 
forms crystalline complexes with saturated fa t ty  
acids, monoenoic fa t ty  acids, and less readily with 
more highly unsatura ted fa t ty  acids opened the way 
for the development of a simple and rapid means of 
concentrat ing the more unsaturated f a t t y  acids oc- 
curr ing in marine oils. In 1950 papers by  Schlenk and 
Holman (4) and Newey et ~l. (5) called attention to 
the possibilities of t h e  urea method for segregating 
the more highly unsaturated fa t ty  acids or their  esters 
f rom a number  of commercial oils including linseed 
oil, soybean oil, corn oil, and olive oil. Newey and his 
co-workers also applied urea crystallization to long- 
chain fa t ty  alcohols prepared from linseed oil and to 
nitriles prepared from soybean-oil f a t ty  acids. A re- 
cent review by  Schlenk (6) thoroughly discusses the 
urea  inclusion compounds of f a t t y  acids. 
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The fact  that  mar ine  oils contain considerable 
quantit ies of polyunsa tura ted  f a t t y  acids suggests 
that  urea  crystall ization m a y  be especially useful for 
p repar ing  concentrates of these f a t t y  acids. The pres- 
ent repor t  describes the p repara t ion  and propert ies  
of f a t t y  acid fractions obtained by  app ly ing  urea 
crystall ization to the f a t t y  acids p repared  f rom a 
number  of common mar ine  oils. Two series of experi- 
ments were run. In  the first series, samples of f a t ty  
acids of menhaden oil were complexed at I~ with 
different mole ratios of urea. In  the second series, 
f a t t y  acids front menhaden oil, herr ing oil, tuna-body 
oil, seal oil, sahnon-egg oil, and salmon-head-and-vis- 
cera oil were f ract ionated with urea  at tempera tures  
ranging  f rom 25~ to - -30~  

Experimental 

Preparation of Fatty Acids. The oil samples used 
for p repar ing  the f a t t y  acids were taken f rom the 
normal  product ion of reduction plants,  with the ex- 
ception of the salmon-egg and salmon-head-and-vis- 
cera oils. These two oils were p repared  f rom fresh, 
ground salnmn waste. The waste was cooked in a 
10% brine solution for a short period of time, and the 
oil that  collected on the surface of the mixture  was 
decanted and centr i fuged unti l  clear, 

Saponification of the various oils was carr ied out by  
dissolving 200-g. samples in 400 ml. of petroleum ether 
and then slowly adding, with st irring, sodium ethyl- 
ate reagent  in 15% excess. The amount  of sodium 
ethylate required was calculated f rom the saponifica- 
tion values of the oils repor ted in the l i terature.  So- 
dium ethylate was nlade by  dissolving sodium chips 
in 95% ethanol until the concentration reached 1 mole 
of sodium per  300 ml. of alcohol. Upon  the addition 
of this reagent,  saponification began immediately and 
proceeded with the product ion of a moderate  amount  
of heat. 

Af te r  24 hrs. the reaction mixture  was dissolved in 
2 1. of water,  and the unsaponified mat te r  was re- 
moved by three extractions with 500-ml. aliquots of 
1:1 mixture  of petroleum ether and ethyl ether. The 
aqueous solution of soaps was acidified with sulfuric 
acid, and the f a t ty  acids were extracted with the 1:1 
solvent nfixture. The f a t t y  acid extract  was dried 
overnight  with calcium chloride and then was filtered. 
Af te r  the solvent was distilled off, the f a t ty  acids were 
dried for 3 hrs. in a vacuum oven at 60~ The 
I Ianus  iodine value and the refract ive index of each 
sample of f a t ty  acids were then determined. 

Fractionation of Menhaden Oil Fatty  Acids with 
Urea at Various Mole Ratios 

These experiments  were se t  up to provide data con- 
cerning the degree of unsa tura t ion  of f a t t y  acid frac- 
tions obtained by  urea  crystall ization at 1~ with 
the mole ratio of urea to f a t t y  acid var ied f rom 4.6:1 
to 23.0:1. The experiments  were carried out in tr ip-  
licate. First ,  50-g. samples of menhaden-oi l  f a t t y  
acids were weighed into Er lenmeyer  flasks and dis- 
solved in 100 m]. of methanol. Methanol sa turated 
with urea  was then added to the flasks in volumes of 
300, 600, 900, 1,200, and 1,500 ml., which correspond 
to the following mole ratios of urea  to f a t t y  acid: 
4.6:1, 9.2:1, 13.8:1, 18.4:1, and 23.0:1. The mole ratios 
were calculated f rom the concentration of u r e a  in 
methanol solution, which was 16.6 g. urea  per  100 ml. 

methanol, and f rom the saponification equivalent of 
the menhaden-oil  f a t t y  acids, which was 277.8. 

The mixtures  were warmed unti l  complete solutions 
were obtained. The flasks were placed in a 1~ cold 
room for  48 hrs., and the crystalline, urea-complex 
precipitates were filtered with suction. Mother liquor 
was used to rinse each flask free of precipitate.  The 
precipitate was washed twice with small volumes of 
methanol sa tura ted  with urea. The f a t t y  acids were 
l iberated by  dissolving the precipi tate  in 1 1. of water  
acidified with hydrochloric acid. The f a t t y  acids were 
extracted with three 200-ml. volmnes of 1:1 mixture  
of petroleum ether and ethyl ether. The extract  was 
dried with calcium chloride, the solvent was distilled, 
and the f a t t y  acids were placed in a vacuum oven for 
3 hrs. at 50~ 

The filtrate containing the f a t t y  acids not precipi- 
ta ted with urea  was diluted with two volumes of 
water  and acidified with hydrochloric acid. Three 
300-ml. volumes of the ,nixed solvents were used to 
extract  the f a t t y  acids, which were then recovered 
f rom the solvents in the same manner  as before. 

The weights and t Ianus  iodine values of the pre- 
cipitated and unpreeipi ta ted  f a t t y  acid fractions were 
determined. The results of these experiments are 
given in Table I. 

TABLE I 

The F r a c t i o n a t i o n  of l~[enhaden Oil F a t t y  Acids a w i t h  Di f fe ren t  
Mole Ra t ios  of U r e a  in Methanol  a t  1~ b 

Mol. ra t io  
of u r e a  
to fa t ty  

acids  

4.6 ::[ 
9 . 1 :1  

13 .8 :1  
18 .4 :1  
2 3 . 0 : 1  

Yield of 
fa t ty  ac ids  

f r o m  
complexes 

(%) 

11.6 
29.8 
49.4  
61.0 
63.0 

H a n u s  Yie ld  of  H a n u s  
I .  V. of fa t ty  acids I . V .  of I I ]nrecov-  

f a t t y  ac ids  f r o m  fa t ty  ac ids  ered fa t ty  
f rom fi ltrate ] front acids 

l , recipi ta te  ( % )  I ~ f i l t r a t e  I (%) 
~2.8 80.8 ,:)~7 7.6 
22.1 61.6 243.4  8.6 
48.1 41.6  I 308.9 I 9.0 
54.5 I 36.4 330.7  / 2.6 
72.7 34.2 341.6  | 2.8 

a The  t t a n u s  I .  V.  for the  m e n h a d e n  oil f a t ty  ac ids  f r o m  which  
these  f a t t y  ac ids  w e r e  p r e p a r e d  w a s  159.5.  

b All va lues  r e p r e s e n t  averages  obta ined  by  t r e a t i n g  t r ip l ica te  50-g. 
samples  of f a t t y  acids.  

Effect of Temperature on the Fractions Obtained by 
Urea Precipitation of Marine-Oil Fatty  Acids 

In  this series of experiments each sample of f a t ty  
acids was f ract ionated with urea  successively at four 
different temperatures :  25~ 1~ --18~ and 
--30~ The experiments  were carried out at a mole 
ratio of urea  to f a t ty  acids of approximate ly  9:1. 

The 50-g. samples (if f a t t y  acids were placed in 
Er lenmeyer  flasks, and each sample was dissolved in 
100 ml. of ethanol. The fract ionations were made on 
duplicate samples. Six hundred  ml. of urea-sa tura ted  
methanol solution were added to each flask, and the 
solutions were warmed unti l  clear. The flasks were 
placed in a 25~ water  ba th  overnight. Light  yel- 
low crystalline precipitates were formed. They were 
filtered quickly with the aid of suction and washed 
with a small quant i ty  of urea-sa tura ted  methanol. 

The filtrate was placed overnight  in a I~ cold 
room and then filtered exactly as before. The filtrate 
remaining a f t e r  the I~ precipi ta t ion was t reated in 
the same way at - -18~ and finally at - -30~ The 
precipi tates collected at the four  tempera tures  were 
allowed to d ry  at r oom tenlperature  and then were 
weighed. They were dissolved in warm water, and the 
f a t ty  acids we re  extracted with the mixed petroleum 
ether-ethyl ether solvent.  The filtrate remaining af ter  
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the final precipi tat ion at - -30~ was diluted with 
two volumes of water,  acidified with HC1, and the 
f a t t y  acids were extracted. All f a t ty  acid fract ions 
were weighed, and the Hanus  iodine value and refrac-  
tive index were determined. The results are shown in 
Table ]I .  

Discussion 
From a consideration of the data in Table I show- 

ing the effect of vary ing  the mole ratio of urea  to 
menhaden-oil f a t t y  acids, it is evident that  there is 
considerable selectivity in the f a t t y  acids precipi tated 
when the moles of urea  present are less than the quan- 
t i ty  required for  maximum precipitation.  Thus, at a 
mole ratio of 4.6, the f a t ty  acids obtained f rom the 
precipitates are highly saturated,  but  at higher mole 
ratios more unsa tura ted  f a t ty  acids are eomplexed by 
urea. 

F rom the analysis of menhaden oil and the results 
in Table I it would appear  that  v i r tual ly  all the satu- 
rated and monoenoic f a t ty  acids are precipi tated at a 
mole ratio in the region of 12:1 to 13:1. When the 
mole ratio is fu r the r  increased, more of the less stable 
dienoic fa t ty  acid complexes are precipitated.  This 
observation is in agreement  with the results of Red- 
lich and co-workers (7), who observed that  substances 

T A B L E  I I  

Cha rac t e r i s t i c s  of F r a c t i o n s  Ob ta ined  f rom Mar ine -Oi l  F a t t y  Acids  by 
U r e a  a Crys ta l l i za t ion  a t  D i f f e ren t  T e m  

F a t t y  acids  

F r o m  M e n h a d e n  Oil 
To ta l  f a t ty  ac ids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
25~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I~  f r a c t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- -18~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 30~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n p r e c i p i t a t e d  f a t ty  ac ids  in f i l t rate .  ..... 

F r o m  H e r r i n g  Oil  
T o t a l  f a t ty  ac ids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
25~ f r ac t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1~ f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 1 8  C. f r ac t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 30~  f r a c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n p r e c i p i t a t e d  f a t ty  acids  in f i l t ra te  ...... 

F r o m  T u n a - B o d y  Oil c 
T o t a l  fa t ty  acids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
25~ f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I~  fraction..~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - l S ~  f r a c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! ..... 
- - 30~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n p r e c i p i t a t e d  f a t t y  ac ids  in f i l t ra te .  ..... 

F r o m  Seal  e l l a  
T o t a l  fa t ty  acids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
25~ f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I~  f r a c t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 18~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 30~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n p r e c i p i t a t e d  f a t ty  ac ids  in  f i l t ra te  ...... 

F r o m  Sa lmon-Egg  Oil 
T o t a l  f a t ty  ac ids  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
25~ f r ac t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1~ f r a c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- -18~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 30~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n p r e c i p i t a t e d  f a t ty  ac ids  in  f i l t ra te  ..... 

F r o m  S a l m o n - H e a d - a n d - u  Oil 
T o t a l  f a t ty  acids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
25~ f r ac t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1~ f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 18~  f r a c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 30~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n p r e c i p i t a t e d  f a t ty  ac ids  in  f i l t rate .  .... 

*eratures 

Veig~ Hanus  
(g . )  I . V .  

50 .0  ] 59.5  
13 .9  19.4  

8.7 46 .0  
3.0 82.7  
0.1 

24 .2  2 5 5 . 0  

50 .0  136 .4  
12.2  47 .7  

9.1 55.2  
4 .7  75.8  
1.9 92.9  

21 .2  2 4 6 . 0  

50 .0  149 .6  
6.9 27 .7  
9.2 42 .4  
3.9 61.9  
0.1 ...... 

24 .8  243 .1  

50 .0  129 .0  
5.4 52.3  

10.1  63.3  
3.4 75.5  
2.6 116 .5  

24 .7  210 .5  

50 .0  206 .8  
10 .7  46 .7  

9.2 82 .9  
5.0 153 .0  
0.2 ...... 

24 .5  2 9 0 . 0  

50 .0  1 4 4 . 6  
6.0 43 .7  

12 .0  59 .5  
5.5 119 .5  
0.1 ...... 

17 .1  2 4 1 . 6  

R e f r a c t i v e  
index  b 

1 .4705  
1 .4431  
1 .4548  
i . 4 6 0 l  
1 .490] .  
1 . 4891  

1 . 4 7 3 6  
1 . 4 5 7 0  
1 . 4 5 7 5  
1 . 4 6 6 7  
1 . 4 6 8 7  
1 .4899  

1 . 4 7 0 7  
1 . 4 3 3 6  
1 . 4 5 6 7  
1 . 4 5 9 4  
1 . 4 8 6 5  
1 . 4 8 6 7  

1 . 4 7 8 4  
1 . 4 5 8 4  
1 . 4 5 9 2  
1 . 4 6 2 3  
1 . 4 6 9 2  
1 . 4 7 7 5  

1 . 4 7 5 7  
1 . 4 5 6 7  
1 . 4 5 9 5  
1 . 4 7 1 1  
1 . 5 1 7 4  
1 . 4 9 5 3  

1 . 4 7 2 9  
1 .4573  
1 . 4 5 9 2  
1 . 4 5 9 9  
1 . 4 7 6 0  
1 . 4 8 6 7  

a F r a c t i o n a t i o n s  w e r e  made  in  me thano l  so lu t ion  a t  a mole  r a t io  of 
u r e a  to fa t ty  ac ids  of app rox ima te ly  9 : 1 .  

b All  r e f r a c t i v e  index  va lues  a re  ca lcu la ted  to 20~ by use  of the 
f ac to r  - - 0 . 0 0 0 3 6 5  p e r  degree .  

c The  sample  of tuna-body  oil con ta ined  a cons iderab le  amoun t  of 
oxidized f a t ty  acids .  

a The  seal-oil  f a t t y  ac ids  con t a ined  some wa~y ac id ic  subs t ance  t h a t  
was  only modera te ly  sohtble in  m e t h a n o l  

forming unstable urea complexes were capable of pre- 
cipitation f rom mixtures  of reactants.  Fu r the rmore  
the data indicate that  f a t t y  acids with more than  two 
double bonds are not present  in the precipi tates in 
other than  minute  quantities. 

The results of these experiments  show that  f a t t y  
acid fract ions of almost any  desired iodine value 
ranging  to above 300, a degree of unsa tura t ion  cor- 
responding to three to four  double bonds per  mole- 
cule, can be p repared  readily f rom menhaden oil or 
f rom other oils of similar characterist ics.  

The experiments  dealing with the effect of tempera-  
ture on the precipitates bear out the previous results. 
In  addition, f rom the data in Table I I  it is evident 
that  menhaden oil has a considerably higher content 
of sa tura ted  f a t t y  acids than  any  of the other oils 
used in this work. This fact  is borne out by  published 
analyses of the oils. 

The fract ions precipi tated at - -18~ and the very  
small yields obtained at --30~ contain appreciable 
amounts  of the dienoic f a t t y  acids whereas the 25~ 
and ]~ fractions contained no measurable quanti- 
ties of these acids. An especially high proport ion of 
dienoie acids is apparen t ly  present  in the complexes 
obtained f rom the salmon oils. 

Summary 
In  two series of experiments, mar ine -an imal -o i l  

f a t ty  acids were f ract ionated with urea  using metha- 
nol as solvent. 

In  the first series, menhaden-oil  f a t t y  acids were 
f rac t ionated at I~ Almost all the sa tura ted  and 
monoenoic f a t t y  acids were removed at mole ratios of 
12:1 to 13:1. At  higher ratios increasing amounts of 
the less stable dienoic f a t ty  acids were precipitated.  
By the use of the appropr ia te  ratio, fract ions having 
iodine values above 300 were prepared.  

In  the second series, f a t t y  acids f rom the  oils of 
menhaden, herring,  tuna,  seal, salmon eggs, and sal- 
mon heads and viscera were f rac t ionated at a mole 
ratio of urea  to f a t t y  acid of 9.2:1. At  25 ~ and 1 ~ 
the complexes were composed almost ent irely of satu- 
ra ted  and monoenoic f a t t y  acids, bu t  as the tempera-  
ture was lowered to - -30 ~ the content of dienoic f a t ty  
acids in the precipi tates  increased. 
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CORRECTION 
From the Netherlands J.  P. Sp ruy t  writes that  the word squalene which 

appeared  in his paper  i n t h e  Apr i l  1955 issue (vol. 32, pp. 197-200) should 
have been squalane instead. His  correction on the galley proof  apparen t ly  was 
overlooked by the pr in te r  and editorial staff. 


