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T H E  halogen absorption methods now in general 
use are sat isfactory with oils containing only sin- 
gle ethylenic linkages and isolated double-bond 

systems. They are known to be unsat isfactory for  de- 
termining the total u n s a t u r a t i o n  of fats  and oils 
containing conjugated double bonds, such as tung 
oil and oitieiea oil. 

The work of Gelber and Boeseken (2) showed tha t  
the Wijs  reagent  adds quickly to one of the two conju- 
gated double bonds in 9,11-1inoleic acid, or two out of 
the three conjugated double bonds in eleostearie acid 
while the remaining double bond becomes sa tura ted  
only af ter  the reaction time has been extended f rom 
2 to 6 days. 

The Wijs  method, when used with tung oil, gives a 
value above the par t ia l  saturation, where two of the 
three conjugated double bonds of eleostearic glyceride 
have reacted with the reagent.  Van Loon (8) called 
this result ing value " t h e  apparen t  iodine n u m b e r . "  
Gelber and Boeseken (2) and van Loon (9,10) showed 
that  it is possible to determine the true total iodine 
number  of conjugated oils using Wijs  solution if the 
reaction time is extended to one week while using up 
to 700% excess reagent. G e l b e r  and Boeseken  ob- 
tained iodine numbers  of 240-250 for  tung oil while 
van Loon 's  values for  tung oil ranged f rom 220-227. 
As a practical  method of analysis such a procedure 
is much too slow. 

The Rosenmund-Kuhnhenn method was shown by  
Kubelka and co-workers (7) and by  MeKinney and 
Jamieson (12) to give values for  tung oil approxi-  
mat ing the two- th i rds  or par t ia l  s a t u r a t i o n  point. 
McKinney and Jamieson found that  with the Rosen- 
n m n d - K u h n h e n n  reagent  this two- th i rds  reaction is 
independent  of c o n c e n t r a t i o n  and complete in 30 
minutes and has the advantage over the Wijs  rea- 
gent, whose reaction is influenced by  time, tempera-  
ture, and excess of reagent.  

With  the Hanus  method the results obtained on 
tung oil va ry  even more than most of the other meth- 
ods with time, temperature ,  and sample weight. The 
Hanus  method was shown by  Kre ikenbaum (6) and 
other investigators to give iodine numbers  for  tung 
oil ranging f rom 189 to 211, and they therefore con- 
sidered this method inapplicable to Chinese wood oil. 
Kubelka and co-workers (7) showed that  the effect 
of excess reagent  and reaction time on the t I anus  
iodine number  of tung oil var ied even more than  the 
Wijs  method. They concluded that  using the Hanus  
reagent,  the " t r u e "  iodine number  of tung oil, em: 
ploying a three-hour reaction time, was 243.4. Mc- 
Kinney  and Jamieson (12), using the Hanus  reagent,  
found the " t r u e "  iodine number  of a Flor ida  tung 
oil to be 246.9. 

Von Mikuseh and Fraz ier  (14) have recommended 
the use of Hanus  solution, in which the concentration 
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of iodine bromide is about  doubled, for  determining 
the total unsaturat ion of oils and f a t ty  acids contain- 
ing conjugated double bonds. They found tha t  with 
tung oil an iodine value of about  225 is obtained if 
temperature ,  excess  r e agen t ,  and time of reaction 
are kept  within certain narrow limits. The effect of 
changes in these factors gives c o n s i d e r a b l e  differ- 
ences in the value for  the total  unsa tura t ion  of tung 
oil, much like the effect of similar changes in the 
determination of the Wijs  iodine number  of this oil. 

Bromine vapor  has been used to measure the ab- 
sorption of all double bonds, including those conju- 
gated. Various investigators using the bromine vapor  
method have o b t a i n e d  va lues  for  tung oil ranging 
f rom 217 to 266 (14). This method is very  compli- 
cated and requires special equipment.  

Need for a S i m p l e  Method .  I t  is apparen t  tha t  
there is need for  a simple method of determining the 
total unsatura t ion of conjugated fats  and oils. The 
apparen t  iodine number  of tung oil as determined by  
the s tandard  methods is so little representat ive of its 
quali ty and performance that  pract ical  tests such as 
gelation tests are usually employed in its evaluation. 

The use of the total  iodine number  of tung oil, 
having the highest total unsaturat ion of all the oils, 
would move tung oil to the top of the list where it 
belongs. In  addition, conjugated double bonds which 
are known to be the most effective for  fast  drying 
would no longer appear  at a discount in the iodine 
number  of the oil. Adul te ran t  oils having iodine num- 
bers near  the apparen t  iodine number  of tung oil 
would have a considerable effect on the total  iodine 
number  and become easier to detect. Changes due 
to oxidation or p o l y m e r i z a t i o n  would then become 
measurable as a decrease in the total  iodine number  
whereas now the par t ia l  and apparen t  iodine num- 
bers are little affected and in a few cases increase. 
Finally,  tile new synthetic oils and f a t t y  acids which 
are being developed to contain c o n j u g a t e d  double 
bonds require a method for  determining total unsatu- 
rat ion to effect p roper  control in the making of such 
products. 

Studies on Tung Oil. The use of pyr idine sulfate 
dibromide in conjunction with mercuric  acetate has 
been shown by  B e n h a m  a n d  Klee  (1) to increase 
great ly  the rate of halogen absorption by non-con- 
jugated  fats  and oils. P r e l i m i n a r y  tests on tung 
oil, using the modified method, yielded the highest 
iodine number  of any of the other halogen solutions 
used. E x p e r i m e n t s  were then per formed to deter- 
mine whether longer reaction time and greater  excess 
reagent would result in complete saturat ion of all the 
double bonds present  in tung oil. 

The general procedure was used for  all determina- 
tions. Dur ing  pre l iminary  tests it was noted that  the 
presence of l ight dur ing absorption affected the re- 
sults to a slight degree. Therefore, as a precaution- 
ary  measure, the absorptions were allowed to take 
place i n  the dark. 
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TABLE I 

Relation of Size of Samplel Excess Reagent,  and  Reaction Time to the Iodine Number  of Tung  Oil 
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1 Minute 30 ~iinutes 60 Minutes 2 /rIours 48 H o u r s  
Sample 

wt., Iodine Excess Iodine Excess Iodine Excess lodine  Excess Iodine Excess 
grams No. reagent ,  % No. re~gent, % No. reagent ,  % No. reagent ,  % No. reagent,  % 

0.0443 230.5 530 250.4 472 250.4 472 251.2 475 250.9 477 
0.0606 229.5 356 249.5 318 250.7 316 250.7 316 250.7 316 
0.0808 225.2 244 246.1 219 249.3 2 1 4  252.3 217 251.7 216 
0.1019 215.8 190 238.2 162 248.3 152 251.8 152 252.1 150 
0.1220 207.0 145 237.1 115 247.4  111 248.0 110 248.6 109 
0.1589 198.2 101 234.0 71 240.1 67 249.4 64 250.2 62 
0.2030 187.0 68 219,9 43 224.4 40 238.5 34 249.8 28 

The following samples of tung oil were used: 
1. S a m p l e  o f  f r e s h  t u n g  oil,  c o u r t e s y  o f  B .  F a l k  a n d  C o m  

p u n y .  
2. S a m p l e  o f  t u n g  oil,  s e v e r a l  y e a r s  o ld ,  s t o r e d  w i t h o u t  p r e -  

c a u t i o n  a g a i n s t  o x i d a t i o n .  
3. S a m p l e  o f  f r e s h  C h i n e s e  t u n g  oil,  c o u r t e s y  o f  T h e  G l i d d e n  

C o m p a n y .  
4. S a m p l e  o f  f r e s h  t u n g  oil,  c o u r t e s y  o f  S h e r w i n - W i l l i a m s  

C o m p a n y .  
5, S a m p l e  o f  f r e s h  F l o r i d a  t u n g  oil ,  c o u r t e s y  o f  U .  S. De-  

p a r t m e n t  o f  A g r i c u l t u r e ,  G a i n e s v i l l e ,  F l a .  

Exper iments  were conducted on Sample 1 to s tudy 
the relation of size of sample, excess reagent,  and 
absorption time on the iodine number  of tung oil. 
The results as tabulated in Table I show that  when 
approximate ly  65% excess reagent  and a 2-hour re- 
action time are used, the modified method gives re- 
producible figures for  the iodine  n u m b e r  of tung 
oil, Sample 1. This sample which had  an apparen t  
iodine number  of 156.7 b y  the Rosenmund-Kuhn-  
henn method, gave constant values, within the ex- 
perimental  error  averaging 250.6, with the modified 
method using a 2-hour reaction time and 65 to 475% 
excess reagent. Where  speed is most important ,  the 
use of sample weights below 0.06 grams, using 325- 
475% excess reagent,  results in constant iodine num- 
bers when a reaction time of 30 minutes  is allowed. 

The iodine numbers  of the various tung oils were 
determined by  the modified method, using a reac- 
tion time of 2 hours and 65 to 100% excess reagent.  
F rom the r e s u l t s  l i s ted  in Table I I ,  it is evident 

TABLE I I  

Iodine Numbers  of Tung  Oil 
(Reaction time, 2 hrs.,  excess reagent,  65-100%) 

Iodine Number  

S a m p l e  R o s e n m u n d -  
M o d i f i e d  K u h n h e n n  
m e t h o d  m e t h o d  

l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5 0 . 6  1 5 6 . 7  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4 2 . 5  1 5 4 . 3  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5 0 . 2  1 5 5 . 9  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5 1 . 3  1 5 7 . 8  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4 7 . 5  1 5 5 . 1  

that  changes in tung oil due to oxidation and /o r  
polymerization on long standing may  be more easily 
detected by  the modified method than by  the Rosen- 
mund-Kuhnhenn  method. Sample No. 2, several years 
old and stored without precaution against  deteriora- 
tion, had an iodine nmnber  of 242.5, a difference of 
approximate ly  8 units f rom the iodine number  of a 
fresh sample of tung oil. On the other hand, the 
R o s e n m u n d - K u h n h e n n  method yields iodine nmn- 
bers for" fresh and old tung oil which differ b y  only 
I or 2 units. Similar results are obtained by  the 
other general methods now in use. 

Absence of Secondary Reactions. The following 
experiment  was pe r fo rmed  to determine whether sub- 

st i tution reactions might  be the cause for  the high 
iodine number  (250.6) obtained for  tung oil when 
pyridine sulfate dibromide in conjunction with mer- 
curic acetate was used. Two identical quantit ies of 
tung oil (0.1090 gm.) were each subjected to the 
action of 50 ml. of the pyr id ine  sulfate dibromide 
reagent  plus 10 ml. of the catalyst  for  48 hours. To 
one sample potassium iodide and water  were added, 
and the iodine number  as determined in the usual 
manner  was found to be 250.2. To the other sample 
was added 100 ml. of water,  and the mixture  was 
extracted r e p e a t e d l y  with 30-ml. port ions of chlo- 
roform un t i l  all the free b r o m i n e  was removed ,  
leaving the halogen acid in the aqueous layer. This 
procedure was repeated with blank determinations, 
using 50 ml. of reagent  and 10 ml. of catalyst.  In  
all cases the separated aqueous solutions were acidi- 
fied with nitric acid, the halogens precipi ta ted with 
10% silver ni t ra te  solution and then filtered, dried, 
and weighed. 

I t  was found tha t  the aqueous  so lu t ion  of the 
blank determination yielded 0.1216 gm. of silver bro- 
mide while tha t  of the tung oil determinat ion yielded 
0.1204 gin., a difference of only 0.8 mg. Duplicate 
determinations gave similar results. These results are 
evidence of the absence of any  secondary substitu- 
tion reactions and substant iate  the findings of Rosen- 
round and Kuhnhenn (15) and Rowe, Furnas ,  and 
Bliss (16) in this respect. 

Studies on Conjugated Compounds 
Oiticica Oil. I t  has not been possible hi therto to 

find a method to give any  reproducible iodine num- 
bers to this oil. K a u f m a n n  and Baltes ( 5 ) a s c r i b e  
the difficulties to the presence of the keto group which 
" in t e r f e re s  so much with the iodine test tha t  the an- 
alyst  finds it impossible to determine any iodine num- 
ber at a l l . "  However  van Loon (11) has reported 
that  the Wijs iodine number  of both oiticica and 
poyoak oil, with large excess of reagent,  becomes con- 
stant  a f te r  one week, as in the case of tung oil. As a 
pract ical  method of analysis such a procedure is in- 
adequate because of its slowness. 

Two samples of oiticiea oil were tested by  the modi- 
fied method using vary ing  reaction t ime and 130 to 
160% excess reagent.  Sample 1 which had an ap- 
parent  iodine nmnber  of 144.8 by  the Wijs  method 
with 320% excess of reagent for  30 minutes, gave 
constant values, within the experimental  error  aver- 
ag ing  216.5, by  the modified method using 15.5% ex- 
cess reagent  and a 2-hour reaction time (Table I I I ) .  
This value is in a g r e e m e n t  with the total iodine 
number  of oitieica oil found by  MeKinney and Ja-  
mieson (13) to be 217.5. Sample 2, using the modi- 
fied method, was found to have an iodine number  of 
205.5. with a corresponding lower Wijs  iodine num- 
ber  of 135.0. 
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T A B L E  I I I  

Iod ine  N u m b e r s  of Con juga t ed  Compounds  

Sample  

Beta-e leos tear ic  
ac id  

9 0 %  T u n g  oil 
p lus  1 0 %  soy- 
bean  oil 

8 0 %  T u n g  oil 
p lus  2 0 %  soy- 
bean oil 

Oi t ic ica  oil, 
Sample  1 

Oit ic ica oil, 
Sample  2 

Exces s  
r e a g e n t , %  

350 
350 
350 

350 
350 
350 

350 
350 
350 

160 
155 
150 

1.30 
130 
130 

Time,  
hrs .  

1 
2 

48 

1 
2 

48 

1 
2 

48 

1 
2 

48 

48 

Iod ine  N u m b e r  

Yound  Calcula ted  

272.1 273.7  
273.3 273.7 
272.8 273.7 

237.9 238.8 
239.0 238.8  
239.0  238.8 

228.1 227.4  
228.7 227.4  
228.7  227.4 

215.8 ........ 
216.5 ........ 
217.3 ........ 

205.0 ........ 
205.5 ........ 
205.9 ........ 

Beta-Eleostearic Acid. This acid was p repared  
according to Thomas and Thompson 's  procedure (17) 
and had a melt ing point of 71.5~ The values ob- 
tained and the conditions used are listed in Table I I I .  
The close agreement  of the iodine numbers  found ex- 
per imental ly  with the calculated t h e o r e t i c a l  iodine 
number  of eleostearic acid is evidence of the absence 
of secondary reactions and fu r the r  corroborates the 
conclusions of Rosenmund and Kuhnhenn  and Rowe, 
Furnas ,  and Bliss, re fer red  to previously. 

Adulterated Tung Oil. Tung oil sample no. 1 was 
adul tera ted with 10 and 20% of soybean oil to s tudy 
the effect of the adul terant  oil on the result ing iodine 
nmnber,  using the modified and Wijs  methods. Soy- 
bean oil (Iodine No. 128.6) was used as the adul- 
te rant  since it  has been used commercially for that  
purpose and also because it has an iodine number  
near  the apparen t  iodine number  of tung oil. 

I t  was found that  using the modified method, a 
10% adul tera ted tung oil had an iodine number  of 
239.0, as compared to 250.6 for pure  tung oil while 
the Wijs  method yielded values of 159.7 and 163.0 
for  10% adul tera ted and pure  tung oil, respectively. 
Similarly, a 20% adul tera ted tung oil yielded iodine 
numbers  of 228.7 using the modified method, and 
156.4 using the Wijs  method. A 10% adul tera ted 
tung oil is represented  by  a decrease of 11.6 units  in 
the modified method iodine number,  with a decrease 
of only 3.3 units in the Wijs  iodine number.  Simi- 
larly, a 20% adul tera ted tung oil represents  a de- 
crease of 21.9 units in the modified method iodine 
number,  with a decrease of 6.6 units in the Wijs  
iodine number.  F rom these o b s e r v a t i o n s  it is ap- 
parent  that  the modified method is f a r  superior  to 
the Wijs  method for the detection of adul terat ion of 
tung oil. The total iodine number  of a d u l t e r a t e d  
tung oil by  the modified method changes consider- 
ably while the par t ia l  iodine number  by  the Wijs  
method is very  little affected by  the addition of the 
adul terant  oil. 

Dehydrated Castor Oil. In  the dehydrat ion of cas- 
tor oil one hydroxyl  group and a neighboring hy- 
drogen are removed f rom the carbon chain of the 
ricinoleie acid to fo rm a new double bond. Ricinoleie 
acid contains one double bond and dehydrat ion can 
result  in the format ion of two new products.  One 
can contain two double bonds in isolated positions, 
and the other can contain two conjugated double 
bonds. 

Dehydra ted  castor oils va ry  in the amount  of con- 
jugation produced by  the dehydrat ing process. I t  is 

necessary to use a method with dehydra ted  castor 
oil which will react with all the double bonds pres- 
ent, isolated as well as conjugated. The Rosenmund- 
Kuhnhenn,  Wijs,  and K a u f m a n n  methods give iod ine  
numbers  which do not indicate the total  unsatura-  
tion. Hanus  solution when used in excess of at least 
400% for  1 hour at 20~ will give reproducible re- 
sults which correspond fa i r ly  closely to the total  un- 
saturat ion as calculated f rom the drop in hydroxyl  
value dur ing dehydration.  

A sample of dehydra ted  castor oil (Castung 403- 
G H )  was tested by  the modified method using vary-  
ing sample weights. The theoretical total  unsa tura t ion  
of this oil is approximate ly  150 to 160, depending on 
the extent of dehydration.  This sample which had an 
apparen t  iodine number  of 138 by  the Wijs  method 
for  one hour r e a c t i o n  t ime,  gave constant values, 
within the experimental  error  averaging 159.5, with 
the modified method, using 225 to 700% excess rea- 
gent  and a reaction time of one hour. 

Another  sample of dehydra ted  castor oil (Castung 
403 Z-3) was tested by  the modified method. This 
sample which had an appa ren t  iod ine  n u m b e r  of 
122.5 by  the Wijs  method, gave values averaging 
145.7 by  the modified method, using a ]-hour reac- 
tion time and 250 to 300% excess reagent.  

Isomerized Soybean Fatty Acids. F a t t y  acids with 
conjugated double bonds made by  an isomerization 
process f rom natura l  f a t ty  acids give low iodine num- 
bers with the s tandard  methods. Since the ordinary  
iodine reagents measure all isolated, bu t  only a por- 
tion of the conjugated double bonds, the apparen t  
iodine number  drops dur ing isomerization. 

A commercial sample of conjugated soybean f a t ty  
acids ( C o n j u s o y ) ,  was e v a l u a t e d  by  the modified 
method, using vary ing  sample weights. This sample 
which had an apparen t  iodine number  of ]17.5 by  
the Wijs  method with 390% excess reagent  for  one 
hour, gave constant values, within the experimental  
error, averaging 138.5 with the modified method using 
150 to 640% excess reagent  and a reaction time of 
one hour (Table V) .  This value is identical with the 
iodine number  of the f a t t y  acids before isomerization. 

T A B L E  I V  

Total  U n s a t u r a t i o n  of D e h y d r a t e d  Cas tor  Oil 
(Theore t ica l  total iodine  n u m b e r  150-160, 

W i j s  iod ine  n u m b e r  138 

W e i g h t  of Excess  
sample,  r e a g e n t , %  I o d i n e  
g r a m s  (Time,  I h o u r )  n u m b e r  

0.0500 
0.0608 
0 .0754 
0.0920 
0.1001 
0.1202 
0.1509 
0.1840 
0.2684 

0 . ]202  
0.1158 
0.1079 
0.1196 
0.1202 

702 
578 
434  
336 
301 
228 
171 
122 

50 

(Time,  m i n u t e s )  
(excess  r e a g e n t  

2 5 0 - 3 0 0 % )  
1 

15 
30 
60 

120 

159.5 
160.4 
159.2 
159.2 
159.5 
159.4 
156.8 
156.5 
156.4 

155.8 
156.7 
157.2 
:159.4 
160.0 

Summary 
The modified Rosenmund-Kuhnhenn procedure,  a s  

described by Benham and Klee, has been applied to 
conjugated systems. The only difference is that  the 
1-minute reaction time is extended to 30-120 minutes 
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TABLE V 

Total Unsa tu ra t ion  of Conjugated Soybean Fa t ty  Acids 
[Theoretical  to~al iodine number  138.0, Wijs 

iodine number  (390% excess) 117.5] 

W e i g h $ o f s a m p l ~  Excess reagent ,  
% Iodine number  

g rams  (Time, 1 hour )  

0.0598 640 137.8 
0.0893 386 138.6 
0.1183 268 139.0 
0.1196 265 138.5 
0.1786 148 137.2 
0.2366 94 131.3 

depending upon sample weight and excess reagent. 
Such a procedure gives t rue iodine numbers and has 
been investigated for various tung oils, oiticica oil, 
isomerized fa t ty  acids, and dehydrated castor oil. 
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Extraction and Evaluation of Oil From Dried 
Brewers' Grains I 

J. F. BRASCH, P. GIBBS, and J. A. SIEFKER, Research Division, 
Anheuser-Busch inc., St. Louis, Missouri 

T H E  principal by-product  of the brewing opera- 
tion is brewers '  grains, which consist of the in- 
soluble material remaining af ter  mashing of the 

malt  and adjuncts.  The average analysis fo r  these 
grains is as follows: moisture, 10%; protein (N ;< 
6.25), 27.0%; crude fiber, 15.5%; ash, 3.5%; crude 
lipids, 7.0%. 

Although the oil content of dried brewers '  grains 
is relatively low, it was thought  that  these grains 
might serve as a commercial source of vegetable oils. 
In order  to determine the chemical characteristics of 
this oil and the feasibility of extracting and refining 
it, the work reported herein was undertaken. 

T h e  first problem considered was the effect on the 
feeding value in dairy cattle rations if the grains 
were relatively fat-free. Evidence in the l i terature 
is somewhat contradictory on this point. Fo r  exam- 
ple, Monroe, et al. (1), concluded, " u n d e r  the con- 
ditions of these trials no significant differences were 
observed in the production of milk, but terfa t ,  or 4% 
milk, or in the general health of milking cows from 
the feeding of practical grain mixtures ranging in 
average fat  p e r c e n t a g e  f r o m  4.89 to 2.69." May- 
nard, et al. (2), reported a somewhat different view, 
namely, " i n  a continuous experiment involving two 
groups of eight cows each, the group fed  the high- 
f a t  m i x t u r e  (7% fat)  produced 4.4% more milk, 
2.0% more fat, and 4.1% more fat-corrected milk 
than did the group fed the concentrate mixture con- 
taining only 3% f a t . "  Inasmuch as the proposed 
extraction of oil from dried brewers '  grains could 
be expected to lower the fat  content of the mixed 
feed ration by an average of only 0.9%, it was felt  
that the decrease would not significantly affect the 
feeding value of the mixed feed ration. Fur thermore  
modern tendency is towards extraction in the oilseed 
industry,  and a variety of extracted oilseed meals are 
now being accepted by feed mamffaeturers.  

1 Presented before the fail meeting, American Oil Chemists'  Society, 
Oct. 31-Nov. 2, 1949, Chicago, IlL 

An analysis of the oil from spent barley malt has 
been reported by Tiiufel and Rusch in 1929 (3),  bu t  
this work was performed on a European spent bar- 
ley malt which contained no adjuncts. The present 
work was performed on spent grains derived from a 
mixture of American barley malt and rice. I t  is ob- 
vious that  the analyses of the oil extracted from such 
residues will vary  somewhat f rom brewery to brew- 
ery because of the use of different adjuncts, such as 
corn grits, corn flakes, corn syrup, mile maize, wheat 
flakes, and others. Since most breweries use a high 
ratio of barley malt  to adjunct,  the differences in the 
analyses of the oil from spent grains should not be 
pronounced. 

Our work on this oil was roughly divided into 
three catefories, namely:  a) methods of extraction, 
b) chemical analysis, and c) refining, which will be 
discussed in this order. 

Methods of Extraction 

I t  has been found in our laboratories that  the av- 
erage crude fa t  ( that  is, diethyl ether extractable by  
A.O.A.C. procedure)  (4) of spent bar ley malt  is 
7.0% (as is basis), with a minimum of 5% and a 
maximum of 9%. The only practical way to recover 
this fa t  is by  solvent extraction. For  this purpose 
commercial hexane (boiling range 143 ~ to 158~ 
was employed because of its wide use in the vege- 
table oil extraction industry.  

Pilot studies were run on two continuous counter- 
current  extractors, namely, a horizontal and vertical 
type. The former type h a s  been described by  Ler- 
man, et al. (5). The grains enter at one end of the 
extractor  and are conveyed from section to section by  
impeller blades; the solvent enters at the other end 
and is pumped to the end that  the grains entered. 

The vertical extractor  embodies the same principle 
of countercurrent  extraction, that  is, the fresh sol- 
vent is in contact with e x t r a c t e d  marc,  while the 


