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Epoxidat ion of the dimethyl  ester of the acrylic 
acid adduct  with hydrogen peroxide and an ion-ex- 
change resin as catalyst  required minor modifications 
of the published procedure (3). Conditions yielding 
products  represent ing 80% or more of epoxidation 
are listed in Table I I [ .  

Summary 
Adduets  of dienophiles and alkali-conjugated saf- 

flower f a t t y  acids containing conjugated nnoleie acid 
in the cis,trans form were p repared  by heating the 
reactants  in the presence of setenium as a catalyst. 
The products  appeared to be identical to those pre- 
pared  f rom trans,trans conjugated linoleic acid so 
that  isomerization of cis-trans to trans,trans acids is 
eliminated as a separate  step. Although yields of 
pure product  were lower than desired because of 
difficulties in removing selenium, yields of crude ad- 
duets ranged f rom 64-82%. The adduets  obtained 
could be epoxidized with hydrogen peroxide and an 
ion-exchange resin as catalyst  in 80-93% yield or 
with peraeetie acid in 89-98% yield. 
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The Effect of Gamma Radiation on the 
Hydrogenation of Cottonseed Oil 
LYLE F. ALBRIGHT, LAWRENCE J. HARRISON, ~ and 
ALEXANDER SESONSKE, Purdue University, Lafayette, Indiana 

G 
AMMA RADIATION has been found to affect the 
rates of certain reactions. This radiat ion on 
interact ing with atoms of the materials  through 

which it is passing has the abil i ty to eject electrons 
which may  produce ions or free radicals, depending 
on the substances involved. The ions or free radicals 
may  promote desired reactions or may  cause reac- 
tions which would not occur otherwise. 

Gamma radiat ion significantly increases the rates 
of polymerization of ethylene (12, 13) and styrene 
(3). The common fea ture  of these addit ion-type of 
polymerizations is that  they all have a free radical 
meehanisnl. The reaction between chlorine plus ben- 
zene to produce benzene hexaehloride also has a free 
radical mechanism. Gamma radiat ion as well as ac- 
tinic light vigorously increases the rate  of this reac- 
tion (10). The radiat ion presumably  forms chlorine 
atoms f rom the chlorine molecule. 

When the l inear- type of polymers are exposed to 
gamma radiation, the propert ies  of the polymers fre- 
quently change. In  the ease of polyethylene (7, 11) 
the tensile s t rength and hardness increase and hydro- 
gen gas is released. Appa ren t l y  some of the hydro- 
gen atoms are knocked off of the polymer  chain, and 
cross-linkage between the chains results. In  the ease 
of polymethylmethaeryla te  however tensile strength 
decreases rap id ly  with i r radiat ion (7). Depolymeri-  
zation and chain cleavage are probably the main 
reactions. Both eross-linking and depolymerization 
occur in the polymers,  but  the dominant  reaction 
depends on the polymer.  

Atomic hydrogen is an effective hydrogenat ion 
agent  for  hexadeeene-1 and linseed o i l  even in the 
absence of a catalyst  (4). Some polymerization also 

~Present  address: Atomic Energy Division, Phillips Petroleum Com- 
pany, Idaho Falls, Idaho. 

occurs, indicat ing that  the atomic hydrogen reacts at 
the double bond to form a free radical. This radical 
can react with another hydrogen atom "to complete 
the hydrogenation,  or it can react with another radi- 
cal to form a dimer. 

Bur ton (6) bombarded oleic acid with deuterons. 
The i r radiated mater ial  contained 1.7% stearie acid, 
proving tha t  hydrogenat ion occurred. In  addition, 
52.5% of the oleie acid was converted to polynierized 
acid. Appa ren t l y  the  reactions involved were similar 
to those with atomic hydrogen. Ear l ier  Sheppard  and 
Bur ton (16) and  Breger  and Bur ton  (5) demon- 
s t rated that  paraffinic compounds were produced by 
the i r radiat ion of f a t ty  acids with alpha particles 
and deuterons. 

The effect of gamma radiat ion f rom Cobalt 60 was 
determined for  the oxidation reaction between oleie 
acid or methyl  oleate and oxygen (8). Radiat ion sig- 
nifieantly increased the rates of peroxide and car- 
bonyl formation.  Long and Proctor  (14) utilized 
high-energy cathode rays  to produce monoearbonyl  
eompounds f rom several vege tab le  oils. Radiat ion 
also decreased the amounts of triene groups. The 
presence of oxygen did not seem to have any signifi- 
cant effect on the production of monoearbonyls. Anti- 
oxidants tended in some cases however to suppress 
the monoearbonyl  formation. The mechanisnl of the 
reaction was not determined, but it appears  to be a 
complicated free radical type. Recently Pan, Gold- 
blith, and Proctor  (15) studied the effect of ionizing' 
radiat ion on the trans-isomerization of oleic acid and 
potassium oleate. 

No reference was found concerning the effect of 
gamma radiat ion on the hydrogenat ion of triglycer- 
ides. The results of such an investigation are reported 
here. 



MAY, 1958 ALBRIGHT ET AL.: THE EFFECT OF GAMMA RADIATION 241 

 Yo.oG . . . .  , L . ,  . . . .  , ~o.o ~ ~. o.o. 

L'O~'~EC----- 

,L ~ ~ ~TING CO 

( ~ IZ" 

THF.RMOGOUPLE 
WELL ( 

( - -  

( ~  ~ FRITTED GLASS 
( ~ ~ - -  CYLINDER 

The Cobalt-60 source, nominal ly  rated at  900 curies, 
was in the form of a hollow cylinder and was encap- 
sulated in an a luminum shell 13.5 in. long with an 
inside diameter  of 1.78 in. The source was contained 
inside a 4,000-lb. steel-jacketed lead " p i g , "  which 
reduced the radiat ion escaping to the room to about 
one milliroentgen per hour. The intensi ty of radia- 
tion inside the reactor was 265,000 roentgens per  
hour. 

A removable lead plug (F igure  2) was used to 
close the top opening of the lead " p i g "  shown in 
F igure  3 and so reduced the radiat ion levels above 
the pig to a relatively low level. Teflon tubing was 
employed to connect the hydrogenat ion reactor  to the 
steel tubes that  passed th rough  the ph~g. The tiler- 
moeouple wires and heating coil leads were passed 
through the tubes in the plug. Sauereiseu cement 
was used to seal the electrical leads in the openings 
through the tube walls. An a luminum canister was 

F I G .  1.  R e a c t o r  d e t a i l .  

Equipment and Operating Procedure 
The hydrogenat ion reactor (Fig.  1) was con- 

structed of Pyrex  glass tubing about 12 in. long with 
an inside diameter  of about 1 in. The reactor was 
filled for  each hydrogenat ion run  with 60 ce. of cot- 
tonseed oil by pouring the liquid through the hydro- 
gen outlet  line. The inlet line was used to introduce 
the hydrogen below the surface of the oil "~hrough 
which it bubbled. The hydrogen flow for  each run  
was adjusted to 0.05 eu. ft. per  minute, at which flow 
the oil was agitated vigorously without blowing the 
oil out of the reactor.  A wet-test meter  was used to 
measure the hydrogen flow-rate. 

The reactor  t empera tu re  was controlled manual ly  
by means of a Variae  connected to No. 4 Nichrome 
wire, wound around the reactor  and sandwiched be- 
tween asbestos insulation. A thermocouple that  could 
be read to within I~ was inserted in the well of the 
reactor. 
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FIG. 2. Plug detail. 
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FIG. 3. Sectional view of C'o-60 "Pig. ' 

then slipped over the reactor and at tached to the 
plug. The entire assemblage (plug, reactor, and  can- 
nister) could then be lowered into the Cobalt-60 
source, when desired. Tygon tubing served to con- 
nect the hydrogen cylinder and the wet-test meter  to 
the inlet and outlet lines of the plug, respectively. 

Refined and bleached cottonseed oil was used in this 
investigation, and its analyses are shown in Tables I 
and I I  as Samples 5 and 37. The oil was stored in a 
cold room at 40~ prior  to hydrogenat ion in order 
to minimize eomposition changes with time. Rufe r t  
catalyst  flakes containing 24.5% nickel were mixed 
with the oil before adding it to the reactor. Electro- 
lytic hydrogen was supplied f rom cylinders. 

The hydrogenated  oil upon completion of a run  
was removed f rom the reactor  and filtered to re- 
move the catalyst.  Samples were then analyzed for  
polyunsatura ted  acid groups by the ultraviolet  ad- 
sorption method, for  trans isomers by the inf rared  
absorption method, for  iodine value by the con- 
ventional  Wijs  solution method, unsaponifiables by  
Method Da 11-42 (Official Methods of American Oil 
Chemists '  Society),  and earbonyls by a Procter  and 
Gamble Company method. 
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T A B L E  ! 

Analyses  of Tr iglycer ide  Samples ~ 

Sample  

5 . . . . . . . . . . . . . . . . . . . . . . . . .  

3 7  . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . . . .  

3 8  . . . . . . .  ; . . . . . . . . . . . . . . . . .  

2 2  . . . . . . . . . . . . . . . . . . . . . . . . .  

2 9  . . . . . . . . . . . . . . . . . . . . . . . . .  

2 6  . . . . . . . . . . . . . . . . . . . . . . . . .  

1 2  . . . . . . . . . . . . . . . . . . . . . . . . .  

2 7  . . . . . . . . . . . . . . . . . . . . . . . . .  

1 5  . . . . . . . . . . . . . . . . . . . . . . . . .  

I 3  . . . . . . . . . . . . . . . . . . . . . . . . .  

3 4  . . . . . . . . . . . . . . . . . . . . . . . . .  

1 7  . . . . . . . . . . . . . . . . . . . . . . . .  

1 8  . . . . . . . . . . . . . . . . . . . . . . . . .  

i 9  . . . . . . . . . . . . . . . . . . . . . . . . .  

3 3  . . . . . . . . . . . . . . . . . . . . . . . . .  

2 1  . . . . . . . . . . . . . . . . . . . . . . . . .  

2 5  . . . . . . . . . . . . . . . . . . . . . . . . .  

2 4  . . . . . . . . . . . . . . . . . . . . . . . . .  

3 1  . . . . . . . . . . . . . . . . . . . . . . . . .  

3 2  . . . . . . . . . . . . . . . . . . . . . . . . .  

3 6  . . . . . . . . . . . . . . . . . . . . . . . . .  

2 3  . . . . . . . . . . . . . . . . . . . . . . . . .  

1 1  . . . . . . . . . . . . . . . . . . . . . . . . .  

2 6  . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0  . . . . . . . . . . . . . . . . . . . . . . . . .  

1 4  . . . . . . . . . . . . . . . . . . . . . . . . .  

1 6  . . . . . . . . . . . . . . . . . . . . . . . . .  

Tempera- 
ture 

~ 

25 
25 

190 
2O 
25 

190 
190 
190 
190 
190 
190 
190 
190 
190 
190 
190 
190 
190 
190 
190 
190 
170 
170 
170 
170 
150 

Ni  
ca t a ly s t  

% 
0.00 
0.00 
0.00 
O.O0 
0.00 
0.07 
0.70 
0.70 
0.70 
0.70 
0.70 
0.07 
0.07 
0.07 
0,07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.70 
0.70 
0.70 
0.70 
0.70 

T i m e  o i l  
in  so urce  

b e f o r e  
hydrogen- 

ate 

0 
0 

2880 
1380 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
O 
0 
O 

1260 
1260 
1380 

0 
0 
0 
0 
0 
0 

t tydro-  
ge~nate 

source 

y e s  
y e s  
y e s  

n o  

y e s  
n o  

n o  

n o  

n o  

n o  

n o  

y e s  

y e s  

y e s  

y e s  

y e s  

y e s  
11o 

y e s  

I l o  

y e s  

n o  

n o  

n o  

Time 
of  

hydrogen-  
a t ion 

rain. 

90 
1440 

60 
30 
30 
60 
90 
10 
30 
60 
90 
10 
15 
30 
60 
60 
60 
60 
90 
30 
30 
60 
9O 
9O 

[ .V, 

11.2 
08.7 
10.0 
09.2 
11.0 
12.2 
09.4 
24.9 
33.9 

1.7 
1,5 

86.7 
51.6 
28.3 
17.8 
95.1 
78.1 
54.8 
33.2 
62.7 
65.0 
43.8 
37.9 
50.3 
51.6 
10.7 

1.4 
5.3 

Sato.-  
r a t e d  

% 
25.7 
28.1 
23.9 
27.8 
23.0 
22.58 
25.5 
68.2 
58.0 
93.8 
94.2 
23.6 
38.4 
64.5 
75.9 
26.6 
20.9 
35.0 
59.1 
26.5 
25.3 
46.7 
53.8 
40.0 
38.4 
83.9 
94.3 
90.1 

Oleic 

% 
17.1 
15.1 
21.8 
14.9 
22.4 
21,98 
19.5 
27.2 
37.5 

1.8 
1.3 

47.9 
57.1 
30.7 
19.6 
32.7 
62.6 
60.4 
36.1 
68.0 
68.2 
48.6 
41.6 
55.3 
57.1 
11.6 

1.1 
5.4 

LinoIeic L i n o l e n i c  

% % 
52.4 0.30 
52.2 0.19 
49.75 0.ii 
52.7 0.21 
50.0 0.20 
51.02 0.02 
50.8 0.29 

0.13 0.08 
0,08 O.00 
0.08 0.00 
0.12 0.03 

24.1 0.00 
0.41 O.OO 
0,40 0.00 
0.08 0.00 

36.3 0.00 
12.1 O.00 
0.19 0.00 
0.01 0.42 
1.1 0.00 
2.1 0.00 
0.3 0.01 
0.24 O.00 
0.23 0.04 
0.14 O.O0 
0.12 0.01 
0.16 0.06 
0.09 0.00 

a The a rach idonie  a n a l y s e s  for  al l  samples  w a s  O.O0. 

Discuss ion  of Resul ts  

The results of the hydrogenat ion runs  of this inves- 
t igat ion are shown in Tables I and I I .  Tempera ture  
repor ted  was the average tempera ture  as measured by 
the thermocouple inserted in the well of the reactor. 
Tempera ture  control dur ing a run  was mainta ined to 
within ~ 3 ~  of that  reported.  The amounts  of cot- 
tonseed oil and catalyst  used for  a r u n  were measured 
with sufficient precision so tha t  the catalyst  concen- 
t ra t ion  was accurate  to within 2% on a relative basis. 

Several  p re l iminary  hydrogenat ion runs  were made 
in the Cobalt-60 source to determine if any  significant 
changes of operat ing conditions occurred because of 
the g a m m a  radiation. Hydrogena t ion  runs  (Samples 
20 and 29), using nickel catalyst,  were made a t  25 ~ C. 
in the presence of g a m m a  radiation. No significant 

40C 
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80  

60 

~ ac 

- -  IC 

8 

6 

4 

m 

I o 

-- I AND 2 190~  0.07% NICKEL 
3 ANO 4 170~ , 0 . 7 0 ~  NICKEL 

-- 5 AND 6 1 9 0 ~  0 .70% NICKEL 
I, 3, AND 5 RUNS IN SOURCE 
2,4 ,  AND 6 RUNS OUT OF SOURCE 

15 ~0 45 60 75 
TiME, MINUTES 

FzG. 4, R a t e  o f  hydrogenat ion.  

9 0  

changes in the iodine value occurred because of this 
t reatment ,  which appears  to indicate tha t  nei ther  
hydrogenat ion nor  polymerization was significant. A 
hydrogenat ion r u n  (Sample 22) was made at 190~ 
in the Cobalt-60 source, but no catalyst  was used. The 
analyses of the product  indicate that  for  this case 
also no appreciable  hydrogenat ion or polymerization 
occurred. 

F igure  4 is a comparison of three series of runs  
tha t  indicate the effect of g a m m a  radiat ion on the 
rate  of hydrogenat ion.  I n  all cases the runs  made in 
the Cobalt-60 source hydrogenated slower than those 
runs out of the source. The relative difference in the 
reaction rates between the i r radia ted  and nonirradi-  
ated runs increased as the time of reaction increased. 
The fastest rates of hydrogenat ion occurred for  the 
runs  at  190~ with a high catalyst  concentration 
(0.70% nickel).  Fo r  the runs  at  190~ with low 
(0.07%) nickel concentration the reaction rates  were 
slowest while the runs  at  170~ and 0.70% nickel 
had intermediate rates. The relative rates of reac- 
tions for  the three series of runs  were as would be 
expected f rom previous results, such as those of 
Bailey (2) and Eldib and Albr ight  (9). The general  
slope of the curves of the logar i thm of the iodine 
value ve r s u s  the t ime of reaction is also similar to that  
repor ted previously.  

F igure  5, a plot  of the sa tura ted  acid content ver sus  
the iodine value, indicates that  the degree of selectiv- 
i ty  was essentially identical for  all runs  of this in- 
vestigation regardless of the temperature ,  catalyst  
concentration, or g a m m a  radiation. Selectivity is de- 
fined here as the preferent ia l  hydrogenat ion of lin- 
oleic acid groups  as compared to oleic acid groups. 
I t  is of interest  to note that  the sa turated acid con- 
tent  decreased slightly dur ing  the initial period of 
hydrogenation.  Whether  such a decrease of the satu- 
ra ted acid actual ly  occurred or whether  the analyses 
were erroneous is not known. The data of Eldib and 
Albright  (9) for  nonirradia ted hydrogenat ion runs  
however indicate a similar phenomenom. Plots were 
made, but  are not shown here, of the linoleic and total  
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FzG. 5. Saturated acid content of hydrogenated oils. 

oleie acid groups as a function of the iodine value. A 
single smooth curve was also found to represent data 
on each plot, which further verifies that g a m m a  radi- 
ation does not affect selectivity. 

Previously (1, 2) it was  reported that selectivity 
and cis- trans isomerization are affected by the same 
operating variables. Eldib and Albright (9) the- 
orized that each depends primarily on the concentra- 
tion of reactants at the surface of the catalyst. Figure 
6 indicates, as would then be expected, that the de- 
grees of isomerization for all runs of this study were 
also identical. 

Since the rates of hydrogenation decreased in the 
presence of g a m m a  radiation, apparently the radia- 
tion affected at least one of the following items: a) re- 
actor, b) hydrogen gas, c) cottonseed oil, or d) the 
catalyst. The glass reactor turned a l ight shade of 
brown upon exposure to g a m m a  radiation. Repeat 
runs in the reactor however gave relatively good 
reproducibility, and there were no indications that 
adverse reactor properties occurred because of the 
g a m m a  radiation. It seems improbable that changes 
in the reactor caused the slower reaction rates. 

Radiation may split the hydrogen molecule into 
atoms even though the energy required to produce 
atomic hydrogen is high. Hydrogen however is quite 
transparent to g a m m a  radiation and would absorb a 
negligible amount of energy during the exposure 
tinle available. If atomic hydrogen were produced, 
the rates of hydrogenation would probably be in- 
creased (4).  Since the rates were decreased, it is 
improbable that appreciable amounts of atomic hy- 
drogen were produced and probably g a m m a  radia- 
tion has little effect on the hydrogen. 

A previous study (14) showed that triglyceride oils 
upon exposure to radiation are chemically changed to 
produce carbonyls or degradation products which 
might be catalyst poisons. A series of runs was made 
to test this hypothesis. Cottonseed oil was irradiated 
in the Cobalt-60 source for 1,260-1,380 minutes (21-  
23 hrs.) before hydrogenation. The irradiated oil was 
then hydrogenated both in and out of the source. The 
runs (Samples 31, 32, and 36) with the irradiated 
oil hydrogenated slower than comparable runs with 
nonirradiated oil. Apparent ly  catalyst poisons were 

4 0  

5 5  

r 

3o $ 
ca 25 

~- 2o 
It= 

r 15 

l 0  

5 

0 I t I , 
I10 I00 9 0  8 0  7 0  6 0  5 0  4 0  ~ 0  2 0  tO 

IO01NE YALUE 
Fz~. 6. Trans fatty acid content of hydrogenated oils. 

T A B L E  I I  

Analyses  of Tr ig lycer ide  Samples  ( C o n t . )  

Sample  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ 7  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

~rans Conju- �9 . I gated  F F A  U nflapon- Carbonyl  aci l I ,.ablA  / va uo. 
% % % % 
0 , 7  . . . . . . . . . . . . . . . . . . . . . . . .  
l o  / 0.32 } 0 . 0 0 1 /  0.~3 ] 2.5 
1 . 3  . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
1 . 3  0 . 6 3  0 . 2 4 6  0 . 7 9  / 1 . 2  
2 . 2  0 . 9 8  0 . 1 O 0  0 . 8 7  / 4 . 6  
0 . 3  1 . 1 1  . . . . . . . . . . . .  ] . . . . . .  
0 . 6  1 . 0 6  . . . . . . . . . . . . . . . . . .  

1 9 . 4  . . . . . . . . . . . . . . . . . . . . . . . .  
2 5 . 4  0 . 0 5  . . . . . . . . . . . . . . . . . .  

0 , 0  . . . . . .  . . . . . . . . . . . . . . . . . .  
0 . 2  

3 6 . 2  9 . 0 5  
2 0 . 8  0 . 0 5  
1 3 . 0  0 . 0 3  
1 0 . 7  0 . 5 1  
2 4 . 5  0 . 5 6  
3 7 . 6  0 , 0 7  
24.s 0.05 o.5~ 
3 5 . 6  0 . 1 9  0 . 1 6 7  
3 5 . 0  0 , 1 9  0 , 1 9 0  
3 2 , 4  0 . 0 8  0 . 2 2 4  
2 7 . 5  9 . 0 6  . . . . . .  
3 6 . 3  . . . . . .  
35.o ~ : ~  

7 . 3  
0 . 0  
3.0 6:5~ ...... 

1 . 5  
1 . 8  
1 . 7  
2 . 1  

a The carbonyl  vah~e w a s  determined by  a Procter  and Gamble Com- 
pany  method.  

formed which reduced the amount of effective cata- 
lyst, which would, of course, decrease the rate of 
hydrogenation. Since selectivity and isomerization 
did not change with radiation, the activity of the 
unpoisoned catalyst probably did not  change. 

The analyses of irradiated cottonseed oil (Samples 
3 and 38) were compared to those of nonirradiated oil 
(Samples 5 and 37). No significant changes of the 
iodine value occurred. The radiation caused small but 
probably significant increases of the conjugated dienes 
and the t rans  isomers, indicating some hydrogen re- 
arrangement. The free fatty  acid content also was 
higher for those runs in which irradiated oil was used. 
The analyses for unsaponifiables indicated no signifi- 
cant increase. The comparison of samples 37 and 38 
indicates that the carbonyl content of the oil was de- 
creased by radiation, but a comparison of Samples 24, 
31, and 32 indicates that the reverse was true. Fur- 
ther investigations appear necessary to determine the 
effect of g a m m a  radiation on the earbonyl content. 
Free fatty acids are known (2) to be catalyst poisons, 
and presumably they were the main cause of the 
slower reactions in the case of g a m m a  radiation. 
Carbonyls however nlight also have been involved. 
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Summary and Conclusions 
Hydrogena t ion  of cottonseed oil occurred at slower 

rates of reaction in a gamma radiat ion field of Cobalt 
60 than  comparable nonir radia ted  runs. The gamma 
radiat ion apparen t ly  degraded the tr iglyeerides to 
fo rm poisons for  the nickel catalyst.  Free  f a t t y  acids 
and possible earbonyls were probably the poisons pro- 
duced. The degree of selectivity and cis-trans isomer- 
ization that  occurred dur ing hydrogenat ion were un- 
affected by  the gamma radiation. 
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Solubility of Cottonseed Proteins in Hydrochloric Acid 
GODFREY E. MANN, ROSLYN KUPPERMAN RUBINS, WILLIAM B. CARNEY, and VERNON L. 
FRAMPTON, Southern Regional Research Laboratory, 1 New Orleans, Louisiana 

T 
HE MARKED VARIABILITY in the growth response 
of nonrmninants  to cottonseed meals, fed as a 
protein supplement,  has created the need for 

grading cottonseed meals intended for use for this 
purpose. The problem of developing specifications 
for cottonseed nleals for mixed feeds for poul t ry  and 
swine has been approached empirical ly by several 
investigators. Some progress has been made in the 
developnlent of such specifications. For  example, a 
correlation has been noted between the solvent power 
for  cottonseed proteins (e.g., the fract ion of the total 
meal ni t rogen that  will dissolve in a specified period 
of time) of 0.02 Normal  aqueous NaOH and the 
growth response of chicks fed cottonseed meal as a 
protein supplement  (1, 2). A correlation has been 
noted also between the comparable solvent power of 
0.5 Normal  aqueous NaC1 and the growth of chicks 
(L  3). 

A correlation is reported in this paper  between the 
solvent power of a 6 Normal  aqueous HC1 for  cotton- 
seed meal proteins and the growth response of chicks 
fed the cottonseed meals as a protein supplement.  
The correlation obtained with the acid solution is as 
good as those obtained with the two solvents men- 
tioned above. 

Experimental 
Determinations of the Fraction of the Total Meal 

Nitrogen-Soluble in HCl Solution. Cottonseed meal 
samples containing 600 mill igrams of ni t rogen were 
weighed into flat-bottom, screw-capped glass bottles. 
Glass beads and 200 nIilliliters of constantly boiling 
hydrochloric acid solution were added to each of the 
bottles. The capped bottles were shaken vigorously, 
then clamped on to a rota t ing shaft  in a water  bath  

�9 One of the laboratories of the Southern Utilization Research and 
Development Division, Agricultural Research Service, U. S. Depart- 
ment of Agriculture. 

maintained at 37.5~ Bottles containing the result- 
ing suspensions were withdrawn for  analyses at sue- 
cessive intervals of time. The samples were cooled 
quickly to room tempera ture  and immediately een- 
tr ifuged. The superna tan t  liquid was filtered, and 
determinations for  nitrogen, using the Kjeldahl  
procedure, were carried out on the clear filtrates. 

Determinations of the Fraction o~f the Total Meal 
Nitroyen*Soluble in 0.02 Normal NaOH and in 0.5 
Normal NaC1 Solutions. The methods used for  these 
determinations were the same as those described in 
other investigations (1, 2, 3). 

Determination o'f Amino Nitrogen. The procedure 
described by Pope and Stevens (4) was followed in 
determining the amino nitrogen in the clear filtrates, 
vide supra. I t  was advantageous,  in this study, to 
double the concentrations recommended by Pope and 
Stevens for  the CuC12 and NasP04 solutions. I t  was 
necessary, for  consistent results, that  the suspension 
of cupric phosphate  be prepared  daily. 

Determinat ions were carried out on the filtrates 
before and af ter  the addition of triehloroacetic acid 
in order to estimate the extent of protein hydrolyses. 

Results 
Data  which are typical  of the effect of time on the 

fract ion of the total  nitrogen soluble in 6 Normal  
HCI are recorded in Figure  1. I t  may  be noted that  
the fract ion increases with t ime;  the kinetics of this 
dispersion of the protein into 6N HCI  are not simple 
however. 

Included in Table [ are the data for the fract ion of 
the total meal ni trogen found in the 6N HC1 af ter  
1 hr. of exposure. Included also are reproductions of 
the data for the fractions of the total  ni t rogen of 
cottonseed meals dispersed in 0.5 Normal  NaC1, and 
in 0.02 Normal  NaOH, as recorded by Chang et al. 
(1). The da ta  for  the nutr i t ional  response of chicks 


