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w 
OOL WAX alcohols or lanolin alcohols have been 
used extensively in cosmetics and medical oint- 
ments. They are usually obtained by the sa- 

ponification of wool grease followed by  the extraction 
of the alcohols f rom the soaps. The yield of alcohols 
by this method is, at best, about 50% of the raw mate- 
rial. The acids, which are recovered f rom the saponi- 
fication reaction as soaps, may  be classified into four  
series (5, 12, 16) as follows: 

I.  The normal series; s t ra ight  chain f a t t y  acids, 
CH~-- (CH:)~n--COOH (n = 4 to 12 inclusive). 

I I .  The hydroxy series; s t ra ight  chain hydroxy acids, 
CH~-- (CtI:@.,1,_~--CI{--COOH (n = 5 to 8 inehs ive) ,  and 

I 
OH 

one branched chain isomer 

CH,,--CH--(CH._.)la--CH--COOH and possibly 
1 I 

CI-L OH 
CH~-- (CH~),--CH-- (Cm)~--COOH. 

OH 

I I I .  The iso series; iso acids, 
CHa- -Ct I - -  (CH._,)~n--COOH (n = 3 to 12 inclusive). 

I 
CH~ 

IV. The ante-iso seines; ante-iso acids 
r (Cg~)._-,,--COOg 

I 
CH3 

(n = 2 to 13 inclusive).  

Each of these series has its s t ruc tura l  counterpar t  
in the al iphatic alcohol portion of the unsaponifiable 
fract ion (4, 7, 10). These acids, in the fo rm of esters, 
on reduction by sodim:l and methylisobutyl  carbinol 
are converted to Mcohois similar to the al iphatic alco- 
hols obtained by saponification. The sterols and tri- 
terpenoid-sterols are not in any way affected by this 
t reatment .  Thus, when sodium reduct ion is applied 
to wool grease or lanolin as an al ternat ive to saponi- 
fication for  alcohol production, all of the raw material  
is utilized in making the product.  The reduced lano- 
lin recovered is in the form of a useful mixture  of 
alcohols which differs from the wool wax alcohols ob- 
tained by saponification only in its increased aliphatic 
alcohol content. 

The hydrogenolysis of lanolin which has been re- 
ported in the patent  l i terature  (6, 9) and described 
by Fayaud  and Rivera  (2) results in similar reduc- 
tion of the esters present. I t  appears  however f rom 
the analysis of the product  obtained by  F ayaud  and 
Rivera that  other more drastic changes take place 
with hydrogenation.  Fu r the rmore  the presence of 
sulfur,  which is a contaminant  of m a n y  wool greases, 
hinders the hydrogenat ion process. The sodium re- 
duction process can be applied to all grades of wool 
grease. Even acid cracked grease yielded a good prod- 
uet in our experiments.  

1 Presented at the meeting of the American Oil Chemists' Society in 
New Orleans, La., April 18-20, 1955. 

2 A laboratory of the Eastern Utilization Research Branch, Agricul- 
tural Research Service, U. S. Department of Agriculture. 
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E x p e r i m e n t a l  
The reduction procedure employed was essentially 

the same as that  described by t tans ley  (3) except that  
it was found necessary to increase the quant i ty  of 
solvent xylene to prevent  gelling of the reaction 
mixture.  

a) Sodium Reduction of U.S.P. Lanolin. In  a reac- 
tion flask equipped with an addition funnel,  reflux 
condenser, st irrer,  and gas inlet tube were placed 28.3 
g. of sodium metal  and 300 ml. of xylene. The air  was 
flushed f rom the flask, and an inert  atmosphere was 
mainta ined dur ing the reduction by feeding a con- 
stant  s t ream of ni trogen to the system. The flask and 
its contents were heated to a point just  short of reflux 
temperature ,  and the molten sodium was dispersed in 
the solvent by rapid  stirring. A mixture  of 100 g. of 
U.S.P. lanolin, 100 g. of xylene, and 44.4 g. of methyl- 
isobutyl earbinol was fed into the reaction flask at a 
rate just  sufficient to mainta in  good reflux. The 
amounts of sodium and methylisobntyl  carbinol em- 
ployed were in 25% stoichiometric excess of that  cal- 
culated, based upon analyt ical  determinations of the 
ester and acid numbers  and hydroxyl  content of the 
sample. Af t e r  the addit ion of the lanolin-xylene-re- 
dueing alcohol mixture  was completed (about 1 hr .) ,  
an addit ional  15 ml. of methylisobutyl  carbinol were 
added, and the result ing reaction mixture  was re- 
fluxed with stirring' for  an addit ional hour. 

The alkoxide mixture  was hydrolyzed by  adding 
the hot solution slowly, with stirring, to 150 ml. of hot 
water. The hydrolysis was also carried out in a nitro- 
gen atmosphere. The rate  of addition of the reduced 
mixture  to the hydrolysis  flask was controlled so as 
not to exceed the capaci ty  of the reflux condenser. 
Heat ing  and stirring" were continued for about 1~ hr. 
to insure complete hydrolysis.  The result ing emulsion 
was treated with enough ethanol to break it. The 
aqueous layer  was discarded. The organic layer  was 
then washed with 2 separate  portions of hot bar ium 
chloride solution (5 g. of BaCI._, in 175 ml. of water) .  
Washing' was continued with hot water  unti l  the p H  
of the washings was down to 8. The organic layer 
was then distilled to remove water, solvent, and excess 
reducing alcohol. The residue consisting of product  
alcohols and bar ium soaps was well extracted with 
acetone. Evapora t ion  of the acetone extract  yielded 
79.7 g. of reduced lanolin. 

b) Sodium Reduction of Acid-Cracked Wool 
Grease. Water  present  in acid-cracked wool grease 
was removed by azeotropic distillation with xylene 
pr ior  to the reduction operation. A boiling flask, 
equipped with a reflux condenser at tached to a water  
t rap,  was charged with the grease sample and xylene. 
The mixture  was refluxed unti l  no more water  was 
collected in the trap.  Addi t ional  solvent xylene was 
added to the flask so that  the weight ratio of grease to 
solvent was 1:1. The proper  amount  of reducing alco- 
hol was then added to complete the feed mixture.  The 
reduction was then carr ied out as described above. 

Discuss ion and Results  
When the sodium reduct ion process is applied to 

glyeerides, little difficulty is experienced dur ing the 
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T A B L E  I 

S o d i u m  R e d u c t i o n  o f  L a n o l i n  and O t h e r  W a e s  

S u b s t a n c e  R e d u c e d  E s t e r  A c i d  E a t e r  A c i d  P r o d u c t  Y i e l d  

_ _  _ _  No ,  N o .  % O H  N o .  N o .  _ % O H  % ~  

U . S . P .  L a n o l i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 9 5 . 4  [ 1 .2  I 1 . 2 2  [ 3 .9  I 0 . 5  I 4 . 9 3  ] 7 9 . 7  
T e c h n i c a l  L a n o l i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 8 4 . 8  I 0 .9  I 1 . 1 1  I 6 .2  I 0 . 5  I 4 . 6 5  I 8 0 . 2  
Neutral Wool Grease ..................................................................................... I 92.5 I 4.0 I 1.6a I 9.2 I 1.0 I 5.05 I ...... 
A c i d  C r a c k e d  G r e a s e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 7 8 . 2  I 2 8 . 2  I 1 . 4 2  I 1 1 . 7  I 0 .5  I 4 . 3 2  I 6 5 . 0  
S p e r m  Oi l  b. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 136.5 I 0.45 I 02 I 37 0.0 I 6.27 I *5.2 
B e e s w a x  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 7 2 . 3  , 2 0 . 6  , 1 . 8 3  , 5 . 7  0 .3  , 5 . 0 6  I 7 6 . 0  

P r o d u c t  f r o m  t h i s  r e d u c t i o n  w a s  n o t  r e c o v e r e d  v i a  t h e  b a r i u m  s o a p  p r e c i p i t a t i o n  p r o c e d u r e .  
b I o d i n e  n u m b e r  b e f o r e  r e d u c t i o n  9 0 . 6 ,  a f t e r  r e d u c t i o n  8 4 . 9 .  
c B a s e d  o n  to ta l  w e i g h t  of  s u b s t a n c e  r e d u c e d .  

step of washing out the excess alkali and sodium 
soaps. The alcohols result ing f rom the sodium reduc- 
tion of wool wax differ in character  f rom those ob- 
tained when glycerides are reduced in that  no water-  
soluble glycerol i s  present. Moreover the alcohols 
obtained are a more complex mix ture ;  they include 
long chain aliphatic alcohols, some of which are diols, 
sterols, and triterpenoid-sterols.  This mixture  in- 
cludes some efficient emulsifying agents, and any  un- 
reduced f a t t y  acids are present  as sodium soaps, 
which act as emulsion stabilizers. When  water-wash- 
ing is a t tempted,  extremely stable emulsions result. 
These emulsions make the  removal of the excess alkali 
and the recovery of the reduced wool grease very  diffi- 
cult. Addit ion of acid decomposes the sodium soaps 
and breaks the emulsions but  contaminates the prod- 
uct with the l iberated f a t ty  acids. I t  also promotes  
reesterification of the alcohols with the contaminat ing 
f a t t y  acids. 

I t  was found that  if the sodium soaps present  were 
converted to water-insoluble soaps, such as the ba- 
r ium soaps, a pronounced reduction in the emulsify- 
ing power of the mixture  occurred. The change in the 
stabil i ty of the emulsions produced in the washing 
operat ion af ter  render ing the soluble soaps ineffective 
was very  noticeable. Before the t rea tment  with ba- 
r ium chloride, emulsions were formed which were 
stable for days. Af ter  forming the insoluble bar ium 
soaps, the emulsions broke in 5 rain. and the excess 
alkali could readi ly  be removed by water-washing. 

Because of the na ture  of the materials  involved, 
distillation as a means of recovery of the product  is 
not feasible. The product  alcohols were effectively ex- 
t racted f rom the bar ium soaps by  acetone, provided 
that  all water  and most of the xylene were removed 
pr ior  to the extraction. There was  a tendency toward 
gelling if much xylene were present. 

The procedure can also be applied to other waxes. 
The results of experiments  on beeswax and sperm 

oil are given in Table I. There are no glyeerides pres- 
ent in any  of these substances except sperm oil, and 
the amount  of alcohols present  in the aqueous layers  
which were discarded was considered negligible. 

The results  obtained in the reduct ion experiments  
on vary ing  grades of wool grease are also recorded in 
Table I. Regardless of the quali ty of the grease a 
product  of low ester and acid number  was obtained 
by this procedure.  

In  Table I I  a comparison is made of some analyt ical  
data  on the product  obtained by  the sodium reduction 
of a lanolin sample with the constants repor ted (2) 
for a product  obtained by the hydrogenolysis of lano- 
lin. Also included in this comparison are the data  on 
the alcohols obtained by  the saponification (1) of 
lanolin. 

T h e d a t a  given by F a y a u d  and Rivera  for  the lan- 
olin used in their  hydrogenolysis experiments  indi- 
cate that  it is comparable in composition to the lano- 
lin used in our sodium reduction process. But  when 
the two reduction products  are compared, wide differ- 
ences are apparen t  in the hydroxyl  content and re- 
fract ive indexes. F r o m  the lower hydroxyl  content of 
the hydrogenated  lanolin it m a y  be inferred that,  
under  the conditions employed, the reduction pro- 
ceeded past  the alcohol stage. Some hydrocarbons 
may  have been formed, and it is estimated that  the 
hydroxyl  content of the hydrogenated product  is 
about 70% of what  is should be. 

In  general, the product  obtained f rom the sodillm 
reduction of wool wax is a semi-soft solid, wax-like 
in appearance  and slightly sticky to the touch. I t s  
melt ing point (42~ lies between those of lanolin 

T A B L E  I I  

C o m p a r i s o n  of  L a n o l i n  w i t h  R e d u c t i o n  P r o d u c t s  

R e f r a c t i v e  I n d e x  .. . . .  

A c i d  N u m b e r  . . . . . . . . . . .  
E s t e r  N u m b e r  . . . . . . . . . .  
P e r c e n t  H y d r o x y l  .... 
0 h o l e s t e r o l ,  % r . . . . . . .  
L a n o s t e r o l ,  % r . . . . . . . .  

U . S . P .  
~ano l in  

. 4 7 5  a t  
6 0 ~  

1 .2  
9 5 . 4  

1 . 2 2  
1 9 . 4  
1 3 . 3  

~odiun 
beduce 
,anol i~ 

. 4 7 4  a 
6 0 ~  

0 .5  
3 .9  
4 . 9 3  

2 5 . 4  
1 9 . 9  

A l coho l s  
f r o m  

W o o l  W a x  
S a p o n i -  
f i c a t i o n  

1 . 4 9 8  a t  
6 0 ~  

1 .0  
2 . 4  
4 . 5 7  

3 9 . 1  
2 7 . 1  

U n t r e a t e (  
L a n o l i n  a 

1 . 4 7  a t  
6 0 ~  

0 . 5 1  
9 4 . 0  

0 . 5 9  b 

H y d r o -  

~ e n a t e d  
a n o l i n  a 

1 . 5 7 2  a t  
6 0 ~  
0 . 3  
3 .2  
3 . 5 1  h 

A s  r e p o r t e d  b y  F a y a u d  a n d  R i v e r a  ( 2 ) .  
b 0 a l m ~ l a t e d  f r o m  a e e t y l  v a l u e s .  
c D e t e r m i n e d  by t h e  m e t h o d  of  L u d d y ,  T u r n e r ,  a n d  S c a n l a n  ( 8 ) .  

and the wool wax alcohols. The lanolin alcohols ob- 
tained f rom the reduction of the lanolins were cream- 
colored, those obtained f rom the technical greases 
were light brown. The unpleasant  odor sometimes 
noticeable in wool grease and lanolin is missing f rom 
these reduction products.  The reduced lanolin has an 
advantage in solubility over that  possessed by wool 
wax alcohols. Fo r  example, 10 par ts  of reduced lano- 
lin will dissolve quite readily in 100 par ts  of min- 
eral oil. This offers advantages  in p repa r ing  many  
formulations.  

According to Peel  (11), the advantages  of wool 
wax are concentrated in the alcoholic port ion and the 
most impor tan t  single constituent is cholesterol. I t  is 
apparent ,  f rom the data  given in Table I I ,  that  the 
sterols are not affected by the reduction procedure. 
The amounts  of cholesterol and lanosterol in the re- 
dueed lanolin is in fa i r  agreement  with what  would 
be expected. Tiedt and Tru te r  (14) have shown that  
the esters of wool wax were devoid of emulsifying 
power and that  the abil i ty of lanolin to hold water  in 
water-in-oil emulsions was due almost entirely to the 
free alcohol content. They also claim that  of the con- 
st i tuents of lanolin the most powerful  emulsifying 
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agents are the 1,2-diols. The  hydroxyl  content of the 
reduced lanolin is at least equal to if not greater  than  
that  of the saponification alcohols. About  5% of the 
alcohol fract ion are diols (4, 15). H y d r o x y  acids have 
been reported (5) to comprise about 30% of the acid 
fraction, and these compounds upon reduction would 
yield 1,2-diols. I t  is logical to assume that  the emulsi- 
fy ing  propert ies Of wool wax alcohols would be en- 
haneed by the addit ion of the glycols formed by the 
reduction of the hydroxy  acids of wool grease. I t  was 
found, on testing the reduced lanolin for its emulsi- 
fying propert ies (13) according to a procedure by  
Schulman and Cockbain, that  they were equal to or 
bet ter  than those of wool wax alcohols obtained by  
saponification. 

Summary 
The sodium reduction technique has been modified 

for  applicat ion to various grades of lanolin and wool 
grease. The improved  process gives good yields of 
alcohols with low ester and acid numbers.  The sterols 
present  in the grease are not affected by the reduc- 
tion. A recovery procedure is described which avoids 
the difficulties with extremely stable emulsions. The 
essential features of this procedure are the elimina- 
tion of emulsion-stabilizing sodium soaps by precipi- 
tat ion with bar ium chloride pr ior  to the washing of 

the reduction mixture  and acetone extraction of the 
alcohols f rom the insoluble bar ium soaps. 
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Some Effects of Semolina Lipoxidase Activity on 
Macaroni Quality I 

G. N. IRVINE, Grain Research Laboratory, Winnipeg, Canada 

T 
I l E  P R O B L E M  Of  assessing the macaron i -making  
qual i ty  of a sample of du rum wheat or du rum 
semolina is largely one of predict ing the color 

of the macaroni  which the salnple will produce. The 
most reliable way of doing this is to process maca- 
roni f rom the sample and to measure the color of the 
product,  either visually or by using some type of 
instrument.  This requires too long a t ime for  some 
commercial applications and is not convenient in deal- 
ing with new varieties at early stages of developnient 
because of the small amount  of wheat  that  can be 
spared for testing. Accordingly it is necessary to seek 
useful  indirect methods of predict ing macaroni  color. 

The desirable color for macaroni  is a clear br ight  
yellow. This results f rom the presence in the semolina 
of certain yellow carotenoid pigments.  The problem, 
then, should be s imply one of determining the amount  
of p igment  in the semolina f rom which the macaroni  
is made. However  when quali ty testing of du rmn  
wheats was first begun about 20 years ago, it was 
noted (1) that  certain semolinas appeared  to bleach 
badly dur ing processing while others retained their  
color. For  this reason no useful correlation between 
semolina pigment  and macaroni  color was found. 

In  seeking an answer to this problem some years 
ago, a s tudy was made (5) of the rate  at which 
semolina pigment  was destroyed dur ing  mixing of 
macaroni  doughs. As a result  of this work it was 
postulated that  du rum wheats contained the enzyme 
lipoxidase and that  it was the presence of this en- 

Presented at  the fall meeting of the American Oil Chemists' Society, 
Minneapolis, Minn., October 11-13, 1954. 

P a p e r  No. 145 of the Gra in  Research Labora tory ,  Board  of Gra in  
Commissioners for Canada,  Winnipeg', ~J[anitoba, Canada .  

zyme, in vary ing  amounts,  that  gave rise to the vari- 
ations in pigment  loss dur ing macaroni  processing. 
In  this brief  review I will discuss the application of 
this hypothesis to the development of a simple pre- 
diction test which allows one to estimate the macaroni 
color of a sample of wheat  or semolina of about 20 g. 

The data in F igure  I are taken f rom some of our 
earlier work and show tha t  the rate  of pigment  oxi- 
clarion dur ing  mixing for  two samples of semolina 
which contain the same amount  of p igment  initially 
but  which va ry  widely in macaroni-making qual i ty;  
The methods have previously been described (5). The 
upper  curve, showing rapid  oxidation of pigment, is 
for a semolina yielding a pale macaroni ;  the lower 
curve, showing slow oxidation of pigment,  is for a 
semolina yielding a yellow macaroni.  Following this 
investigation we began working with a Warburg  
appara tus  to find out if  crude aqueous extracts of 
du rum wheat or semolina showed any  lipoxidase ac- 
tivity. Enzyme extracts  were p repared  by grinding 
the mater ial  with sand and water,  followed by centri- 
fuging (3 ) ;  p repara t ion  of a suitable linoleie acid 
emulsion was eventual ly solved by using a non-ionic 
surface-active agent, Tr i ton X-100 supplied by Rohm 
and Haas  (3). The p H  opt imum for  this enzyme- 
substrate  system was found to be 6.5 in phosphate 
buffer. We found tha t  these wheats did contain sig- 
nifieant amounts of this enzyme and obtained the sort 
of results shown in F igure  2. These curves show the 
rate  of oxygen uptake  for  aqueous extracts  of semo- 
linas, using the linoleic acid emulsion as substrate, at 
p H  6.5; they represent  the same two  types of semo- 
]ina as those shown in F igure  1. The close eorre- 


