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B 
LAND FATS of high t i ter  and low iodine value and 

of good flavor s tabi l i ty  have always been in de- 
mand for  the product ion of shortening and mar-  

garine. As beef tallow has a high melt ing point and 
a low iodine value, it could serve as a major  source of 
hard  f a t  for  the compounding of shortenings. How- 
ever beef tallow is subject to off-flavor and odor devel- 
opment and large price fluctuations which have placed 
it in an economically disadvantageous position (1).  
I t  would seem that  the product ion of beef fa ts  of 
higher flavor stabil i ty may  help to solve the unstable 
price s t ructure  and help to increase their  use in short- 
ening, margarine,  and other products. In  the present  
s tudy an a t tempt  was made to characterize the com- 
pounds which cause off-flavors in edible tallow, to de- 
termine whether  oxidative polymers  are formed dur- 
ing the render ing process, and to determine whether  
beef tallow of bet ter  flavor stabili ty could be produced. 

Experimental 
Isolation of Volatile Components Which Impart 

Characteristic Flavors and Odors to Edible Tallow. 
Fif teen  hundred  g. of edible tallow 4 were deodor- 
ized in an all-glass appara tus  similar to one de- 
scribed by  Bailey and Feuge (2), except that  carbon 
tetrachloride was used instead of steam as the inert  
gas phase. The tallow was kept at  60 ~ under  a vac- 
uum of 50 microns, to minimize autoxidation and to 
avoid the development of odoriferous compounds dur- 
ing the process of deodorization. The rate  of evapo- 
rat ion of carbon tetrachloride was controlled by  
proper  cooling of the reservoir  with an ice water  bath.  
Af te r  about  10 ml. of carbon tetraehloride had evap- 
orated, the appa ra tus  was allowed to come to atmos- 
pheric pressure, the first cold finger of the t rap  was 
disconnected, the solid carbon dioxide and acetone 
cooling mixture  were poured out, and the cold finger 
was suspended above a 25-ml. beaker. W a r m  water  
was poured into the cold finger, and the adherent  ma- 
terial  which had formed on the surface  was allowed to 
melt  and drip into the beaker. The solution was dried 
with anhydrous  sodium sulfate. 

Isolation of Volatile Compo~.ents Which Co, used Oil- 
Flavors and Odor's in Deodor Edible Tallow. Three 
kg. of edible tallow were bleached with 3% by  weight 
of official bleaching earth 5 and then deodorized in the 
all-glass appara tus  at 75 micron pressure and 200~ 
for  3 hrs. The deodorized product,  which was b l a n d  

F u n d s  for  th is  s t udy  w e r e  f u r n i s h e d  by ~ gran~- in-a id  f r o m  S w i f t  
and  Oompany ,  Chicago,  Ill. 

2 P r e s e n t e d  at  the  A m e r i c a n  Oil Chemis ts '  Society  meet ing ,  Minne-  
apolis,  Minn . ,  October  11-14, 1954.  

z P r e s e n t  address~ S w i f t  and  Company ,  Chicago,  Ill .  
4 Obta ined  t h r o u g h  cour tesy  of Swi f t  and  Company .  
5 The  A m e r i c a n  Oil Chemis t s '  Society, Chicago,  Ill .  
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in odor and flavor, was autoxidized at 60~ in a 5-1., 
three-necked round bottom flask. This flask was fitted 
with a Tru-bore glass st irrer,  a thermometer  and a 
f r i t ted  glass t ipped inlet, and an outlet aeration tube. 
Fi l tered air  was introduced through the f r i t ted  glass 
t ipped tube suspended in one neck of the flask. The 
effluent gas was passed through two cold traps,  which 
were cooled with solid carbon dioxide and acetone, 
and the condensate was collected af ter  72 hrs. of 
autoxidation. 

Solvent Extraction o /Bee /Fa t s .  Approximate ly  2 
kg. each of kidney, cod, caul and ruffle, and cold cut- 
t ing fa t  of beef were extracted separately  with Skelly- 
solve F. The fats  were t r immed,  cut into cubes of 
about  2 cm. 2, and washed under  cold running  water: 
Although the t r imming and the washing were done 
carefully,  the fa ts  were still contaminated with very 
small amounts of meat  tissues and blood. The com- 
plete removal  of the capillaries which ran into the fa t  
seemed impossible. The washed cubes of beef fa t  were 
dried on blott ing paper  for  10 min., mixed with 1 kg. 
of anhydrous  sodium sulfate, and ground twice 
through a ~ - i n .  plate and once through a 1/s-in. plate 
in a meat  grinder.  The dough-like mixture  was ex- 
t racted with 10 liters of redistilled Skellysolve F until  
free of f a t ty  materials.  The extract  was first washed 
with 400 ml. of ethyl alcohol  and then washed six 
times with equal volumes of distilled water.  The 
washed extract  was dried with anhydrous  sodium sul- 
fate, and the solvent was removed under  vacuum at 
60~ All the extract ion processes were carried out 
under  an atmosphere of nitrogen. 

Organoleptic Evaluations of Beef Fats. The organ- 
oleptie tests were conducted in a manner  similar to the 
one designed by  Moser et al. (3). The samples to be 
tested were kept  in 42 x 5'0 ram. weighing bottles fitted 
with ground glass covers, warmed to 50~ in an 
a luminum block, and submit ted  to a panel  of four  in- 
dividuals of long organoleptic testing experience. The 
aging of the samples was done in 600-ml. beakers. 
Three hundred  ml. of the sample to be tested were 
t rans fe r red  into the beaker,  covered with a watch 
glass, and aged either at 60~ for 6 days or  140~ 
for  4 hrs. 

Autoxidation of Olev Oil. Seven hundred  ml. of oleo 
oil were t rans fe r red  to a 50 x 460 ram. glass tube, and 
the tube was suspended in a constant t empt ra tu re  ba th  
kept at  45 • 0.5~ Fi l tered  dry  air  for  aerat ing the 
oil was introduced through a fr i t ted glass disk sealed 
into the bot tom of the tube. The effluent air  was passed 
through two glass t r aps  connected in series and 
through a bubble  counter. The t raps  were immersed 
in acetone and cooled with solid carbon dioxide. The 
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volatile components which condensed in the cold t r aps  
were washed out quant i ta t ively every 24 hrs. with 5 
ml. of carbonyl-free methyl  alcohol. One ml. of the 
solution was used for  a Lappin  Clark test (4) to deter- 
mine the amount  of carbonyl  compounds present.  The 
color of the autoxidized oleo oil was determined every 
24 hrs. by  the speetrophotometric method as. adopted 
by  the American Oil Chemists '  Society. Three ml. of 
oil were taken f rom the tube dur ing suitable intervals 
for  peroxide number  determinations. Seven hundred  
ml. of soybean oil were autoxidized in exactly the same 
manner  and in the same appara tus  for  comparison 
with oleo oil. 

Ca ta,lytic Hydrogenation of Beef Fats. The selec- 
tive hydrogenat ions of oleo oil and edible tallow were 
done under  atmospheric pressure with either Raney 
nickel or Rufe r t  nickel flakes as catalyst.  Two kg. of 
the sample were t rans fe r red  into a 5-1., three-necked 
round bottom flask, f t t e d  with a Tru-bore stirrer,  and 
heated to 90~ under  an atmosphere of nitrogen. The 
catalyst  was then added, h y d r o g e n  was bubbled 
through the oil, and the effluent gas was led by a long 
piece of glass tube into open air. The t empera tu re  
was raised to 110~ in 10 min. and held at that  tem- 
pera ture  for  either a half  or one-and-a-half hours as 
desired. The hydrogenated products  were deodorized 
with steam in an all-glass appara tus  at 210~ under  
a vacuum of 75 microns for  4 hrs. 

Results and Discussion 
The volatile odoriferous components of fresh unde- 

odorized edible tallow were quite different f rom those 
obtained by  autoxidation of a bland deodorized tal- 
low. The odoriferous compounds obtained f rom the 
undeodorized tallow must  have been formed dur ing 
rendering" as tallow obtained by  solvent extraction 
under  ni t rogen in tile labora tory  did not have this 
kind of odor. The odor of these volatile compounds 
could not be diminished by  t rea tment  with carbonyl  
reagents, such as sodium bisulfite or hydroxylamine.  
The inf rared  absorption spect rum of a carbon tetra-  
chloride solution which contained these compounds 
(F igure  1) indicated the possible presence of hydroxyl  
and carbonyl  groups, aliphatie ether, ester, conjuga- 
tion, carbon to nitrogen bonding, and a six-member 
lactone ring. The complexity of these volatile odorif- 
erous compounds is clearly indicated. 

I f  these odoriferous compounds are removed by  de- 
odorization, another  type of odoriferous compounds 
m a y  be formed on storage and cause " f l avor  rever-  
s ion"  in the tallow. In  the present  s tudy these vola- 

tile compounds were obtained f rom deodorized tallow 
b y  autoxidation at  60~ They had a pa in ty  to rancid 
odor and were carbonyl  in nature  as they could be 
removed by t rea tment  with earbonyl  reagents, s u c h  
as sodium bisulfite or hydroxylamine.  

Oleo oil, as manufac tu red  by  open kettle rendering 
at a t empera ture  not exceeding 160~ is composed of 
kidney, cod, caul and ruffle, and cold or cutt ing fat.  
In  order to determine whether  the components which 
were responsible for  the undesirable odor and flavor 
originated f rom any par t icu lar  f a t t y  tissue and 
whether  the precursors  of those components were pro- 
duced dur ing the render ing process, a portion of a 
batch of each of the four  different f a t ty  tissues was 
processed in the labora tory  by a solvent-extraction 
nlethod under  which oxidative polymers  could not be 
formed. The stabil i ty of the products  was then com- 
pared  with that  of oleo stock manufac tu red  f rom the 
same batch of fa ts  in the commercial plant.  

Among the four  beef tallows obtained by solvent- 
extract ion of kidney, cod, caul and ruffle, and cold or 
cut t ing fat,  the eaul and ruffle fa t  had the highest color 
while the kidney fa t  had the least color. (Table I ) .  

TABLE I 
Chemical and Physical Constants of Beef Fats 

Source 

Solvent extracted 
in laboratory 

gendered under 
nitrogen in 
laboratory 

Commercial product 

Fat  

Cod 
Caul and ruffle 
Cold or cutting 
Kidney 

Cod 
Caul and ruffle 
Cold or cutting 
Kidney 

Oleo stock 

Melting 
Point 

(Wiley, 
~ 

43.5 
47.5 
34.0 
46.5 

43.5 
49.5 
41.0 
44.0 

47.8 

Iodine 
No. 

(Wij s) 

46.05 
40.80 
53.29 
39.94 

43.72 
37.81 
50.51 
42.79 

41.61 

Color 
(Photo- 
metric 

~ethod)  

1.43 
4.57 
1.82 
0.97 

1.27 
4.01 
1.43 
0.40 

2.11 

The eaul and ruffle fat,  which appeared  as the softest 
of the four  before extracting, yielded a product  which 
had the highest melt ing point. The cold or cutt ing 
fat,  which has often been called hard  cut t ing fat,  
yielded a product  which had the lowest melt ing point. 

There were no significant differences in the compo- 
sition of the highly unsa tura ted  f a t ty  acids among the 
four  different beef fa ts  (Table I I ) .  However  both 
linolenie and arachidonic acids were present  in higher 
concentrations in cold or cutt ing fats  than  in the other 
three fats.. The amounts  of conjugated f a t ty  acids pres- 
ent were calculated f rom the absorptions shown in the 
ul traviolet  region. The in ter ference  due to the pig- 
ment  components in the beef fa ts  was not corrected 
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T A B L E  I I  

F a t t y  Acid Composi t ion  of Bee f  F a t s  

549 

Source 

Solvent  
ex t rac ted  in  
l abora to ry  

R e n d e r e d  
u n d e r  N2 in 
l abora to ry  

F a t  

C o d  
CaM and  ruffle 
Cold or  cu t t i ng  
K i d n e y  

C o d  
Caul and  ruffle 
Cold or  cu t t i ng  
K i d n e y  

S a t u r a t e d  
(%) 

50.57 
55.77 
42.21 
54.43 

50.38 
57.04 
43.42 
52.60 

Oleic 
(%) 

40.36 
34.89 
48.79 
38.01 

42.33 
35.63 
49.37 
42.65 

Diene  

0.55 
1.13 
0.89 
0 .37 

0.53 
0.94 
0.84 
0.37 

Con juga t ed  ( % )  

T r i e n e  

0.00 
0.03 
0.01 
O.Ol 

0.01 
0.03 
0.01 
0.01 

T e t r a e n e  

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

Linole ic  

3.80 
3.31 
2.67 
2.44 

1.93 
1.53 
0.89 
1,78 

i 
Commerc ia l  I Oleo s tock 52.70 40.17 0.65 0.01 0.00 1.56 

p roduc t  r I 

Non-Con juga t ed  ( % )  

Linolen ic  A r a c h i d o n i c  

0.29 0.02 
0.43 0.04 
0.79 0.24 
0.31 0.03 

0.38 0.04 
0.37 0.06 
0.82 0.25 
0.31 0.03 

0.42 0.09 

for. I t  should be noted that  the amount  of conjugated 
f a t t y  acids thus calculated is proport ional  to the color 
(photometric)  of the respective fat. 

The percentages of linoleic acid in the rendered fats  
were lower than  in the corresponding solvent-extracted 
beef fats. This discrepancy may  have been due to 
cis-trans isomerization which may  occur dur ing  ren- 
dering. Swern, Knight,  and Eddy  (5) in their  s tudy 
of the trans" octadecenoic acid content of beef fa t  also 
considered the possibility of cis-trc~ns isomerization 
which may  occur during commercial processing. How- 
ever extract ion with solvents would remove phospho- 
lipids more thoroughly than  the wet rendering proc- 
ess. As phospholipids contain a larger  percentage of 
linoleic acid than  triglycerides, the linoleic acid con- 
tent  of extracted fats  would be higher than tha t  of the 
rendered fats. 

The beef fa ts  obtained by solvent extract ion at room 
tempera ture  under  ni trogen had a slight solvent odor 
even though the solvent which was used for  extraction 
was redistil led and the fa t  was freed f rom solvent 
under  2 mm. vacumn with agitat ion at 60~ for  6 hrs. 
However  the beef fats  obtained by solvent extraction 
did not ha~e the characteristic odors of oleo oil and 
of edible tallow. I t  was therefore concluded that  these 
odors were developed dur ing rendering.  

Af ter  aging at 140~ for  4 hrs., all four  beef fats  
obtained by solvent extraction developed a mus ty  tal- 
lowy odor and off-flavor (Table I I I ) .  Organoleptic 

T A B L E  I I I  

Com par i son  of F l a v o r  S tabi l i ty  of So lven t -Ex t rac ted  and  
H e a t - R e n d e r e d  Beef  F a t s  

Score 
( P a n e l  T e s t i n g )  

Source  F a t  A g e d  a t  140~ 
for  4 H o u r s  

C o d  5.7 
Solvent  ex t r ac ted  Caul  and  ruffle 5.0 

in  l abo r a to ry  Cold or  cu t t i ng  5.6 
K i d n e y  5.4 

Commerc ia l  p r o d u c t  Oleo s tock 4.8 
Edible  ta l low 1.7 

evaluations indicated that  the beef fats  obtained by 
solvent extract ions were bet ter  than oleo stock or edi- 
ble tallow obtained in the commercial  p lant  f rom the 
same batch of f a t t y  tissues. However  the improvement  
was only comparative,  and all the samples p repared  
by  solvent extraction under  conditions in which oxi- 
dative polymers  could not be formed also developed 
off-flavor and odor af ter  aging. 

Ole0 oil underwent  considerably different changes 
f rom soybean oil when both were autoxidized under  
exactly the same conditions (Figure  2). The present  
results indicated that  more carbonyl compounds were 
obtained f rom oleo oil than  soybean oil f rom the see- 
ond through the eighth day of oxidation. Af t e r  that  
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F r o .  2. P h y s i c a l  a n d  c h e n f i c a l  c h a n g e s  d u r i n g  a u t o x i d a t i o n  
o f  o l eo  o i l  a n d  s o y b e a n  oi l .  

however the amounts  of carbonyl compounds obtained 
f rom soybean oil rap id ly  increased while that  obtained 
fron~ oleo oil was up to the 20th day  almost constant. 
At  the end of 20 days  of autoxidation the amount  of 
earbonyl compounds obtained f rom oleo oil also in- 
creased rap id ly  and reached the same level as soybean 
oil at the 35th day. That  more carbonyl compounds 
were obtained f rom soybean oil in the first day  and 
f rom oleo oil in the first two days than were obtained 
in the next  few days  indicated tha t  both oils contained 
a small amount  of decomposition products  which 
might  have formed dur ing processing, shipping, and 
storage. This may  also explain the larger  amount  of 
carbonyl compounds obtained f rom oleo oil than f rom 
soybean oil dur ing the first few days  of autoxidation. 
The oleo oil was not deodorized and therefore may  
contain more volatile decomposition products  formed 
dur ing processing and storage. The carbonyl com- 
pounds formed by autoxidizing oleo oil seemed to be 
less volatile than  those formed f rom soybean oil and 
took a longer t ime to be displaced f rom the oil by the 
current  of nitrogen. I t  should be noted tha t  both of 
the oils which were used in this experiment  were ob- 
tained directly f rom processing plants  and were stored 
under  ref r igera t ion before use. 

The increase in peroxide number  dur ing the autoxi- 
dafion of oleo oil almost paralleled the increase in the 
amount  of carbonyl  compounds collected. Since this 
correlation was expected, it seemed to indicate tha t  
the measurement  of earbonyl compounds had the de- 
sired accuracy. The color of oleo oil decreased only 
slightly dur ing  the first 2 0  days  and then bleached 
rap id ly  to colorless dur ing the next  16 days. On the 
other hand, the color of soybean oil held constant for  
the first 8 days and then increased rap id ly  dur ing  the 
next 13 days  to a brownish yellow color. This dark  
color of soybean oil could be bleached by  fu r the r  oxi- 
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das However,  at that  stage of autoxidation, con- 
siderable amounts of oxidative polymers were formed 
in the soybean oil (6). 

I t  was interesting to note that  during' the autoxida- 
tion of oleo oil, the peroxide number  as well as the 
format ion of volatile earbonyl compounds increased 
rap id ly  as the color of the oil began to decrease. The 
decoloration of oleo oil also occurred dur ing deodoriza- 
tion. The present  results indicated that  such deeolora- 
tion is not entirely due to thermal  effects. When oleo 
oil was sealed tinder var ious degrees of vacuum and 
heated to 180~ the rate of decoloration of the oil 
was proport ional  to the amount  of oxygen available 
(Table IV) .  Fur thernmre  addition of antioxidants  to 
the o!eo oil decreased its tendency to decolorize. 

T A B L E  I Y  

Effect of Autox ida t ion  on the Thermal  
Decolorizat ion of Oleo Oil 

Sample 

Oleo oil . . . . . . . . . . . . . . . . . . .  

Oleo oil . . . . . . . . . . . . . . . . . . .  

Oleo oil ................... 
()leo oil --  0 .05% 

Tenox I I  ............. 

I 'teat T rea tmen t  Color (Photomet r ic  Method) 

T e m p o r l  Pros  I . I ~ I u I ~ 
ature  I sure  I H~u I H * r I H~ I H~II ( ~  ( r a m )  o r I ou ours  ol "s 

180 760 / 2 . 9 4 1  0.50 . . . . . . . . . . . .  
180 1 ~ 2.94 [ ...... [ 1,67 [ 0.91 

0 .1 /2 .94  I ...... i i 158 
180 0.1 [ 2.94 1 ...... ] ...... ] 2.02 

Oleo oil does not form oxidative pol, ymers as readily 
as soybean oil. When the la t ter  was autoxidized by 
air at 60,~ for 12 days, oxidative polymers separated 
out as an insoluble layer when the autoxidized product  
was mixed with pentane-hexane (6). On the other 
hand, when oleo oil was autoxidized in the same man- 
ner, no such separation could be aeeompl ished , (Ta-  
ble V). Even at the end of 36 (lays of autoxidation, 
the oxidized product  yielded only a slight turbidi ty  
when dissolved in pentane-hexane, but  no polymers 
separated. 

When 1,500 g. of oleo oil w~re deodorized at 210~ 
under  75 microns for 4 hours, 300 ml. of water  were 
used to generate steam. This water  could be recovered 
front the d ry  ice t raps  as a milky solution with a 
strong, unpleasant  odor. This  odor, unlike that  ob- 
tained on the deodorization of soybean oil, could not 
be completely removed by  earbonyl reagents, such as 
aqueous sodium bisulfite and hydroxylamine hydro- 
chloride. But  this unpleasant  odor could readily be 
converted into a fa int  f ru i ty  odor by shaking with 
freshly p repared  Raney nickel. F u r t h e r m o r e  the water  
recovered f rom the cold t raps  af ter  the deodorization 
of hydrogenated oleo oil did not have the same odor 
as that  obtained af ter  the deodorization of unhy- 
drogenated oleo oil. This led to tile belief that  a very 
slight hydrogenat ion of high selectivity may remove 
the characterist ic odors of oleo oil and edible tallow 

Days 
Exposed 
to Air  

0 

12 

24 

36 

T A B L E  -V 

Format ion  of Oxidat ive  Pol  use r s  at  60~ 

Soybean 0 i l  0leo 0 i l  

Ref. 
I n d e x  Solubi l i ty  

(30~ 

1.4722 Soluble in pen- 
tane-hexane 

1.4780 Oxidat ive  poly- 
mers separa ted  
out  as a layer  
f rom pentane-  
hexane 

Ref. 
I ndex  Solubil i ty  

(50~  

1.4535 Soluble in  pen- 
tane-hexane 

1.4541 SoJuble in  pen- 
tane-hexane 

1.4556 Form s l ight  
t u rb id i t y  with 
pentane-hexane 

1.4566 Form s l ight  
tu rb id i ty  with 
pentane-hexane 

and improve their  flavor stability. This was shown to 
be true by the present  results. 

Catalytic hydrogenat ion o f  oleo oil and edible tal- 
low under  conditions of high selectivity removed the 
characteristic odors and produced fats of high flavor 
stabili ty (Tables V I  and V I I ) .  This hydrogenat ion 

T A B L E  V I I  

Improvemen t  of F l avor  Stabi l i ty  of Edible  Tallow by Selective 
Hydrogena t ion  wi th  0.3% of Ruffer t  Nickel Catalyst  

U n d e r  Atmospher ic  P res su re  at l l 0 ~  

Charac ter i s t ics  of Fa t s  

Fa t  

Edible  tal low .................. 
Hydrogena ted  edible 

ta l low .......................... 
Hydrogena ted  edible 

tal low (deodorized) .... 
Hydrogena ted  edible 

tallow (deodorized) .... 
Shor ten ing  I a ................. 
Shor ten ing  I I  a ............... 

Anti-  
oxidant  
Added 

None 

None 

None 
0.05% 
Tenox [I 

Melting- Refrac  
P o i n t  Iod in  ! r ive 

(Wi ley)  No. Index  
~ (Wi.is) (50oc.)  

47.7 44.2 1.4538 

49.5 42.9 1.4530 

49.5 42.9 ] .4528 

49.5 42.9 ] .4528 
46.5 78.9 1.4569 
50.2 66.7 1.4558 

Score 
(Pane l  

Testing') 
Aged at 
140~ 
for 4 

Hours  

1.7 

4.8 

6,5 

6.8 
5,5 
5.7 

a Shor ten ing  I was made from hydrogena ted  vegetable oils. 
~hor ten ing  I I  was made from meat  and vegetable fats.  

under  atmospheric pressure was so slight that  the 
iodine number  decreased by tess than 4 and the melt- 
ing point increased by less than  2~ Af te r  deodoriza- 
tion the hydrogenated oleo oil and edible tallow were 
not only bland in odor and flavor but also had a flavor 
stabili ty bet ter  than that  of sonle of the best shorten- 
ings available on the market .  By  the use of the car- 
bonyl index method (7) the improvement  in flavor 
stabili ty of oleo oil and edible tallow by this slight 
hydrogenat ion could be clearly shown (Table V I I I ) .  
The mechanism involved in the removal of the charac- 
teristic odors of oleo oil and edible tallow by  selective 
hydrogenat ion is difficult to ascertain. However  the 
improvement  of flavor stabil i ty seemed to parallel  a 

T A B L E  V I  

]Improvement of F l avor  Stabi l i ty  of Oleo Oil by Selective Hydrogena t ion  U n d e r  Atmospheric P res su re  at  l l 0 ~  

Character is t ics  of Fa t s  

F a t  

0ieo oil .............. ~ ................................................... 
0leo oil, hydrogenated  for V~ hour  ....................... 
0leo oil, hydrogenate4  for 11/~ hours  ................... 
0leo oil, hydrogena ted  for 11A hours  ................... 
Shor ten ing  I e ....................................................... 
Shor ten ing  I I  r ...................................................... 

Catalyst  

1% Raney Ni 
1% Raney Ni 
0.7% R u f e r t  Ni 

Anti-  
ox idants  
Added 

None 
0 . 0 5 % T e n o x  I I  

None 
0 . 0 5 % T e n o x  I I  

Mel t ing  
Po in t  

(Wi ley)  
~ 

37 .5 -39 .8  a 
38.0 
40.7 
39.4 
46.5 
50.2 

Iod ine  
No. 

(Wi j s )  

45 .1 -46 .3  a 
44.1 
41.4 
43.0 
78.9 
66.7 

Ref rac t ive  
Index  

(50~ 

1.4539 
1.4539 
1.4531 
1.4531 
1.4569 
1.4558 

Score 
(Pane l  Test ing)  
Aged at  140~ 

for  4 Hour s  

3.75 
6.7 
6,4  
6.7 
4 .6  
5.7 

a From three different  samples. The sample used for  hydrogena t ion  had  a mel t ing  po in t  of 37.5~ and an iod ine  number  of 46.3. 
b Varies  wi th  different  samples. 
c Shor ten ing  I was made from hydrogena ted  vegetable oils. Sho r t en ing  I I  was made f rom meat  and Vegetable fats.  
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T A B L E  I X  

C h a n g e s  in  F a t t y  Acid Compos i t ion  of Edib le  Ta l low ~nd  Oleo Oil by  Select ive H y d r o g e n a t i o n  

551 

Fat 

Oleo Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H y d r o g e n a t e d  Oleo 0 i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ed ib le  Tal low .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H y d r o g e n a t e d  Edible  Ta l low ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cond i t i ons  of t t y d r o g e n a t i o ~  I Fatt_~y Acid  Compos i t ion  ( % )  

r~ . . I Temp.  I P re s -  I T ime  / Conj  I Sa tu -  I ^ . .  I L ino-  J Lino-  Araeh i -  
, a t a l y s t  [ ~ I su r e  ] ( h r . )  [ Diene  [ r a t e d  [ umle  ] leie I lenie  I don ie  

....... I . . . . . - - I  . . . . . - - I  . . . . . - - - /  0 .5~1 48.5~-~-I 44.~----0 1 1 . 2 ~ j ~ 0 . 4 ~ 1  0.12 
l % R a n e y N i  110  Atm.  1 ~  0 .07  I 49 .82  I 4 5 . 5 6  I 0.13 I 0.Ol  I 0.01  

........ I ...... I ...... I ...... / 0,61 I 49.05 I 44.56 I 0.91 I 0.39 I 0.07 
O . 3 % R u f e r t N i  I 110  I Arm. I 11~ / 0.02  I 48 .91  I 45 .88  I 0 .64  I 0 .15  I 0.00  

T A B L E  VIII 

Improvement of Flavor Stability of Oleo Oil by Selective I-Iydrogenation 
as Measured by the Carbonyl Index Method 

. . . . . .  Me thod  of A g i n g  Oleo Oil Deodorizedoleo Oil 11[ Hydrogenatedoleo Oil 

No a g i n g  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 137  I less t h a n  10 ] less t h a n  10 
A g e d  a t  60~ for  6 d a y s  .... . . . . . . . . . .  157  I 103  82 
Aged at 100~ for 2 days ............. 1,002 [ 1,468 239 

decrease in the arachidonic and linolenic acid content 
of the oleo oil and edible tallow on hydrogenat ion 
(Table I X ) .  

Summary 
The Odoriferous compounds isolated f rom a fresh 

edible tallow were found to be very  complex in nature  
and could not be diminished by t rea tment  with car- 
bony l  reagents. When these compounds were removed 
by deodorization, the bland tallow which was obtained 
developed on autoxidation another type of odoriferous 
compounds. The lat ter  contained various carbonyl 
compounds of the type which have been associated 
with flavor reversion in edible oils. 

The characterist ic odor of oleo oil and edible tallow 
could be removed by slight hydrogenat ion of high se- 
lectivity under  atmospheric pressure. This hydrogena- 
tion process raised the melt ing point by less than  2~ 
but substant ial ly decreased the linolenic and araehi- 
idonic acid content. The hydrogenated products,  af ter  
deodorization, were not only bland in odor and flavor 
but also had flavor stabilities bet ter  than  those of 
some of the best commercial shortenings. 
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Some Preliminary Investigations Directed 
the Utility of Cottonseed Soapstock 1 
FRANK C. PACK and LEO A. GOLDBLATT, Southern Regional 
Research Laboratory, 2 New Orleans, Louisiana 

B 
Y-PRODUCT SOAPSTOCK that  results h 'om the refin- 

ing of cottonseed oil contains numerous diverse 
substances. Wi th  some exceptions all the minor 

constituents of crude cottonseed oil (3),  phospha- 
tides, sterols, inositol esters, resins, carbohydrates,  
proteins, and pigments,  to list a few, may  be expected, 
in enhanced amounts,  in soapstock. Kei th  et al. (4) 
Compiled f rom the l i terature a list of minor  constitu- 
ents and the range, percentage-wise, of their  occur- 
renee in crude oil. Many of these constituents are, 
at the very  least, interesting to the chemist;  some are 
undoubtedly  valuable. However  the fact  tha t  the ma- 
jor  constituents (water, f a t t y  acid soaps, and neutra l  
oil) of soapstoek amount  to well over 80% by weight 
of the total, makes recovery of the minor components 
individual ly or severally a difficult economic opera- 
tion. Fur ther ,  unmarketed  soapstock constitutes a 
disposal problem, and any  plan designed to recover 
some minor component needs careful  examination 
lest the disposal problem be intensified. The forego- 
ing considerations, in effect, restrict  investigations 
directed toward an increased ut i l i ty  for soapstoek to 
the major  constituents. 

Benzylation 
Gomberg and Buchler  (2) repor ted prepara t ion  of 

the benzyl  esters of f a t t y  acids by react ing sodium 

1 P r e s e n t e d  a t  4 6 t h  a n n u a l  mee t ing ,  A m e r i c a n  Oil Chemis t s '  Society,  
N e w  Or leans ,  La . ,  A p r i l  1 8 - 2 0 ,  1955 .  

2 One of the laboratories of tile S o u t h e r n  Ut i l i za t ion  R e s e a r c h  B r a n c h ,  
A g r i c u l t u r M  R e s e a r c h  Service ,  U.  S. D e p a r t m e n t  of A g r i c u l t u r e .  

Toward Increasing 

soaps and benzyl chloride. Fa i r  yields were obtained 
both in the presence and the absence of water. For  
adapta t ion  of this type of reaction to soapstoek, 
removal  of water  was the first step. Dehydrat ion 
accomplished two purposes. First ,  it effectively re- 
duced the amount  of mater ial  handled. Second, resid- 
ual alkali in the raw soapstock effected some reduction 
in unsaponified neutra l  oil dur ing the dehydration.  
I t  should be noted that  benzyl chloride, al though not 
undu ly  reactive with water  alone, by vir tue  of a 
l imited solubility reacts violently with certain other 
materials,  notably iron, so tha t  glass or enameled 
ware should be used for  carry ing out the benzyla- 
tion reactions. 

Dehydra t ion  of the soapstock was accomplished by 
azeotropie distillation of the water,  using a t rap  tha t  
permi t ted  rejection of the water  while the other 
member  of the azeotrope was re turned to the reaction 
flask. As an added advantage,  this method of dry ing  
left  the dehydra ted  soapstoek well dispersed and sus- 
pended in a liquid medium that  served in the next 
operat ion as the reaction medium for the d ry  soaps 
and the benzyl chloride. The liquid selected for the 
dual  role of dehydrat ion and reaction medium must 
be reasonably inert, immiscible with water,  and pos- 
sess a suitable boiling range. Aromat ic  solvents, tol- 
uene, xylene, eumene, and cymene, were success- 
fu l ly  employed, al though they gave rise to severe 
foaming of the soaps dur ing the final stages of dehy- 
dration. Af ter  dehydrat ion the d ry  soapstoek still 


