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Abstract 
Safflower oil(S) and methyl  myr i s ta te (M)  were 

administered in the r u m e n ( R )  and abomasum 
(A) of sheep for 28 days. The digestibili ty of 
ni trogen and fiber were not affected by  t reatment .  
A larger proport ion of f a t t y  acids were digested 
with SA than  with SR while the reverse was 
found with MR and MA. These differences were 
reflected in the fecal f a t t y  acid composition. Re- 
gardless of t reatment ,  the free f a t t y  acid consti- 
tuted approximate ly  75% of the fecal fat.  MR 
and to a lesser extent SR increased the molar  % 
of rumen propionate with a corresponding de- 
crease in acetate. F a t t y  acid composition of 
tureen bacteria reflected the composition of the 
adminis t ra ted oils. SR resulted in increased 
stearie and decreased linoleie acids in l iver lipids 
while the adipose tissue remained constant. SA 
increased linoleie in both tissues. Markedly larger  
increases in myrist ic  acid were found in adipose 
and liver lipids with MR compared to MA. Large  
increases in myrist ic  acid in tissues were associ- 
ated with decreased linoleie acid. 

Introduction 
A LARGE PROPORTION of the f a t t y  acids in pasture  

grass, the na tura l  feed of ruminan t  animals, 
consists of linoleic and linolenie acids (1).  Yet, the 
depot fa t  of rmninan t  animals contains only 1-3% 
of diene and triene f a t t y  acids ( l ) .  The adipose tissue 
of other herbivera such as the horse and rabbi t  con- 
tains up to 35% of these unsa tura ted  f a t ty  acids (1). 
This species difference was par t ia l ly  explained by 
Reiser (2),  who showed that  rumen mieroflora can 
hydrogenate unsa tura ted  f a t t y  acids. 

Until  fats  became a marke t  surplus and the price 
was reduced sufficiently to be considered a die tary  
energy source, relat ively little at tent ion was given 
to f a t t y  acid utilization by ruminan t  animals. Since 
1950 fats f rom various animal  and plant  sources have ~ 
been and are current ly  being added to commercial 
ruminan t  diets. Yet little is known about the utiliza- 
tion of long chain f a t t y  acids and their  effect on the 
utilization of other d ie tary  nutrients.  

This s tudy was designed to determine the role of 
the rumen and different f a t t y  acids on feed digestion 
and f a t t y  acid deposition in tissues of sheep. 

Procedure 
Each of 12 wether lambs of approximate ly  70 lb 

were fed 800 g daily of the pelleted rat ion shown in 
Table I for 28 days. Pr ior  to the s tar t  of the trial, 
6 lambs were fitted with rumen cannulas and the 

T A B L E  I 

Composition of Basal  R ~ t i o n  a 

I n g r e d i e n t  % 

C h o p p e d  Mfa l fu  h a y  ............................................................. 70 
Bee t  p u l p  ............................................................................. 20  
Molasses  ............................................................................... 10 

a F e d  as  afiz in .  pe l le t .  

remainder  were fitted with cannulas in the abomasum. 
Dur ing  the exper imenta l  period both methyl  myris ta te  
and safflower oil ( 2 0 g  3 times daily) were each in- 
jected into the abomasum and rumen. Ini t ia l ly  and 
at the end of the s tudy liver, and adipose tissue f rom 
the loin region, were biopsied and the tissues analyzed 
for  f a t t y  acids by the procedure described by Marco 
et al (3). 

On the 14th day of study, rumen fluid was with- 
drawn 6 hr a f t e r  the daily meal and analyzed for  
volatile f a t ty  acids by the gas chromatographic pro- 
cedure described by Erwin  et al. (4). In  addition, 
rumen bacteria f rom sheep in the various t rea tments  
were isolated by  differential centrifug~tion. All 
fluid was centr i fuged at 270 g for  15 rain. The super- 
na tan t  was again centr i fuged at 17,300 g for 15 min ;  
the superna tant  was discarded and the bacteria were 
resuspended with 0.9% NaC1. This procedure was 
repeated 3 times. The isolated rumen bacteria were 
saponified under  nitrogen at 50C for 20 hr in 25% 
NaOH.  The free f a t ty  acids ( F F A )  were converted 
to methyl  esters and analyzed by gas chromatography 
(3). 

During  the final 8 days of the study, feces were 
collected daily, frozen, and an aliquot was analyzed 
for  nitrogen, d ry  matter ,  and fiber by conventional 
AOAC procedures to determine digestion coefficients. 
Five g of feces, dried in a vacuum oven at 60C, were 
acidified and extracted with ether (liquid-liquid) in 
a special glass apparatus .  The ether extract  was 
evaporated to dryness by nitrogen and dissolved in 
5 ml of pentane. The long chain F F A  were analyzed 
by hydrogen flame gas chromatography  using the 
column mixture  proposed by Metcalfe (5). The re- 
mainder  of the fecal ether extract  was evaporated 
to dryness under  nitrogen, saponified in 25% NaOH 
for 20 hr at 50C, and extracted with pentane. The 
pentane extract  was dried with anhydrous Na2S04 
and evaporated with nitrogen. The F A  were dissolved 
in 5 ml pentane and analyzed by gas chromatography 
with the procedure above. A sample of the feed was 
saponified, extracted with pentane, and analyzed by 
the same procedure as the feces. The t reatment  effects 
on the digestibili ty of F A  were calculated. 

Results and Discussion 
Regardless of route of administrat ion,  neither saf- 

flower oil nor methyl  myr i s ta te  altered the digesti- 
bili ty of ni trogen or fiber in the sheep (Table I I ) .  
The differences between d ry  mat te r  digestibility due 

T A B L E  II 

Si t e  of  I n f u s i o n  a n d  T y p e  of  F a t  o n  D i g e s t i b i l i t y  Ooeff le ient  

Control 
Saff lower  Oi l  : 

Rumen I n f u s e d  ........... 
Abomasal i n f u s e d  ........ 

M e t h y l  m y r i s t a t e  : 
R u m e n  i n f u s e d  ............ 
Abomasal i n f u s e d  ........ 

% F r e e  
ac ids  in  
feca l  fat 

D i g e s t i b i l i t y  coefficients  

Crurde I N i t r o g e n [  D r y  I F a t t y  
_ _  m a ~ e r  a c i d s  

45 .2  62 .1  60.3 90 .3  72.8 81 .1  
78 .5  42 .1  62 .5  63 .5  I 96 .2  

I 
73 .6  43 .5  63 .8  63 .8  ] 94 .0  
78.1 43 .8  I 61 .3  / 58 8 I 68 .9  

344 
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T A B L E  III 

Effect of Trea tment  on the Propor t ions  of Fecal  Fa t ty  Acids 

Diet  b ................................... 
Control  ................................ 
Safflower oil : 

l~umen ............................. 
Abomasum ....................... 

Methyl myris ta te  
R u m e n  ............................. 
Abonlasum ...................... 

No. C in chain  : No. unsaturated bonds 

1 2 : 0  I 1 2 : 1 1  I 1 4 : 0  I 1 4 : 1 "  [ 1 6 : 0  I 16 :1  I 1 6 : 2 1  I 1 6 : 3 a  I 18.0 I 18 :1  I 1 8 : 2  1 1 8 : 3  

1.4 
0.9 

1.6 
2.5 

0.2 

8.2 
25.4 

2.1 
3.4 

47.3 
87.4 

2.7 
1.5 

5.0 

' 23.1 
24.1 

15.7 
17.5 

19.8 
7.9 

Weigh t  % 

�9 ~:~. ~:~. 

3.0 2.5 
1.7 0.2 

2.5 2.9 
........ 0.1 

~:~. 

1.9 
0.3 

2.6 
0.1 

~ : i  

47.1 
14.3 

8.2 
1.4 

27.7 
7.3 

21.9 
51.0 

3.9 
0.4 

26.6 14.4 

0.5 0.5 
0.1 1.2 

0.7 0.3 
0.1 ........ 

a Es t imated  by re ten t ion  time. 
b 0 . 2 8 1 %  total fatty acids. 

to the type of oil and route of administration shown 
in Table I I  could be accounted for by the differences 
in F A  digestion. When safflower oil was infused into 
the abomasum rather  than the rumen, the digestibility 
of F A  was increased from 81% to 96%, while with 
methyl myristate the reverse was found (94% by 
rumen, 69% by abomasal administrat ion).  The com- 
position of fecal F A  obtained by saponification, 
methylation, and gas chromatographic separation re- 
flects the F A digestibility differences (Table I I I ) .  
The quant i ty  of fecal myristate was greater when 
sheep were treated with methyl myristate in the 
abomasum compared to the rumen (47% vs. 87%).  
Possibly, the esterase activity in the intestine alone 
is not sufficient and the added lipase activity of the 
rumen microflora is necessary for maximum absorp- 
tion of myristic acid via rumen wall. Fecal stearate 
was markedly higher when sheep were treated with 
safflower oil in rumen compared to abomasum (14% 
vs. 47%) (Table I I I ) .  The lower digestibility of F A  
from safflower oil (75% l i n o l e i c - 1 %  stearie) when 
administered in the rumen compared to abomasum, 
could be explained by the increased fecal stearic 
acid content. The intestinal absorption of stearic acid 
in monogastrie animals i s  low compared to the un- 
saturated F A (6). Reiser (2) demonstrated in vitro 
that  rumen microflora can hydrogenate unsaturated 
FA. Probably, the rumen mieroflora hydrogenated 
some of the unsaturated acids contained in safflower 
oil to stearic, thus render ing a greater  proportion o f  
the F A  undigestible in the gut. Unfortunately,  no 
data are available concerning the intestinal absorpt ion 
of different F A  by ruminant  animals. The percent 
of F F A  in fecal fa t  f rom the sheep in this s tudy was 
approximately 75% regardless of the oil or site of 
administration (Table I I ) .  These F F A  may occur 

as salts in the feces. For  the most part ,  fa t  digesti- 
bility data  in ruminant  animals has been based on 
ether extraction of non-acidified feces. Consequently, 
the values may be misleading because they may not 
reflect t rue fecal fat. 

Tables IV and V show the effect of type of oil and 
site of administration on the F A  composition of lipids 
in liver and adipose tissue of sheep. Recently, 
Ogilvie and MyClymont (7) reported that  the FA 
composition of adipose tissue from one sheep, infused 
with linseed oil into the duodenum, contained abnor- 
mally large proportions of linolenic acid. Similarly, 
when safflower oil was infused into the abomasum, 
the proportions of linoleic acid increased 2-fold in 
the liver, and to a lesser extent in  adipose tissue. 
While the abomasal administrat ion of methyl myris- 
tate increased the propor t ions  of myristic acid in 
liver lipids 4-fold, the myristate proport ion of adipose 
tissue only increased 25%. Like monogastrie animals 
(3) the F A  composition of liver and adipose tissue 
of the sheep reflected the F A  administered via the 
abomasum. 

When the same amount of safflower oil was adminis- 
tered into the rumen, stearic and oleic acid propor- 
tions of liver lipids increased markedly while linoleic 
acid decreased 50%. In the same sheep the composi- 
tion of adipose tissue remained ra ther  constant with 
only a slight increase in linoleic acid (4 .3%-5.2%).  
These data certainly support  the observations of 
Reiser (2) that  the rumen microflora hydrogenate 
unsaturated FA. The marked elevation in liver 
stearate would suggest that  stearic acid (probably 
originating from hydrogenat ion of the unsaturated 
acids in safflower oil by rumen microflora) was readily 
absorbed by the sheep. Relative to the other FA, 
apparently,  saturated acids decreased the proport ion 

T A B L E  I V  

Type and  Site of I n f u s i o n  on the Fa t ty  Acid Composi t ion of L ive r  in Sheep 

Safflower oil : 
l%umen i n f u s e d  

I n i t i a l  
SE 

F i n a l  
SE 

Abomasal  infused 
I n i t i a l  

SE 
F i n a l  

SE 

Chain l eng th :  Sa tu ra t i on  of l iver  fa t ty  acids 

14:0 I 14:1 16:0 r 16:1 j 16:2 I 18:0 I 18:1 I 18:2 I 18:3 I 2o:4 

0.8 

1.0 

0.9 

1.0 

1.4 17.4 
+ 0 . 1  

0.9 15.2 
• 1.0 

1.2 15.2 
• 2.2 

1.4 17.5 
-4- 2.8 

2.2 
• 0.9 

4.2 
+ 0 . 1  

3.6 
-+" 0.1 

3.0 
• 0.1 

Weigh t  % 

1.3 23.5 
-+-6.2 

2.2 34.7 
•  

2.4 27,0 
~ 0 . 1  

1.3 21.1 
-- 3.9 

21.9 
• 3.2 

29.2 
-----0.8 

22.7 
--+O.1 

23.0 
• 3.4 

11.9 
• 0.9 

6.0 
----- 0.6 

11.2 
•  

23.3 
-- 0.8 

1.4 

1.1 

1.0 

1.2 

14.0 
----.7.9 

5.4 
"4- 1.8 

10.4 
-+1 .7  

8.4 
-----2.5 

M e t h y l  myr is ta te  : 
R u m e n  infused 

I n i t i a l  
SE 

F i n a l  
SE 

Abomasal  infused 
I n i t i a l  

SE 
F i n a l  

SE 

1.0 
• 0.3 

8.6 
• 2.0 

0.9 
•  

3.2 
• 0.9 

1.7 14.8 
• 0.6 

1.3 22.4 
• 2.3 

3.0 17.8 
- - 2 . 3  

3.0 16.9 
+--1.8 

3.4 2.6 

3.6 1.7 

3.3 4.2 

4.7 1.2 

29.6 
--+ 0.6 

24.9 
--  0.8 

25.3 
• 2.3 

17.6 
-+-3.5 

23.9 
•  

22,1 
---1.4 

24.2 
-----1.6 

31.5 
• 5.5 

11.4 
+--- 1.6 

5.47 
+--- 1.5 

12.3 
-+" 0.2 

13.4 
-+-1.0 

1.9 

1.4 

1.2 

1.3 

13.0 
•  

8.3 
"4-1.2 

8.1 
"4- 3.1 

6.6 
-----1.8 
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T A B L E  V 

Type  of F a t  a n d  Site  of I n f u s i o n  on the  F a t t y  Acid Composi t ion  of Adipose  T i s s u e  in  Sheep 

VOL. 40 

Safflower oi l :  
t~umen i n fu sed  

I n i t i a l  
SE  

F i n a l  
SE 

Abomasa l  i n fused  
I n i t i a l  

SE 
F i n a l  

SE 

Methyl  myr i s t a t e  : 
l~umen in fused  

I n i t i a l  
SE 

F i n a l  
SE 

Abvmasa l  in fused  
I n i t i a l  

SE 
F i n a l  

SE 

Cha in  l eng th  : S a t u r a t i o n  of ad ipose  f a t ty  ac ids  

14:0 I 14:1 16:0 I 16,1 I 10:2 I 18:0 I 18:  I 18:2 I 18:3 

5.1 

5.0 

4.2 

3.3 

4.2 
.4 .0 .1  

15.5  
-4-2.5 

4.2 
-4-0.5 

4.9 
-4- 0.3 

0.9 19.8 
-4- 0.5 

1 .6  20 .0  
4- 0.3 

1.2 20 .6  
-4- 1 .6  

1 .7  18.2  
-4- 0.9 

1.4 20 .8  
-4- 0.2 

2.5 20 .6  
-4-0.5 

0.8 17.8  

1.6 18.7  
.4 .1 .1  

4 .0  

4 .6  

3.6 

3.4 

3.4 

4.4 

2.8 

3.5 

W e i g h t  % 

2.7 

1.8 

2.3 

1.9 

2.2 

1.9 

2.5 

4.2 

16 .6  
-4- 1 .6  

16 .7  
-4- 5.0 

19 .6  
-4- 1 .4  

2 3 . 4  
.4 .1 .2  

19 .7  
-4-3.9 

21 .5  
-4-2.6 

18 .7  
.4 .1 .6  

23 .3  
"4"1.7 

4 4 . 7  
----- 0.2 

43 .4  
-4- 3 .2  

41 .7  
- -  1.1 

37 .7  
-4- 5 .4  

41 .2  
-4-3.8 

29 .9  
-4- 4 .0  

45 .5  
--+1.0 

38.3  
-4- 0.9 

4 .3  
- - 0 . 1  

5.2 
-4- 0 .4  

5 .4  
-4- 1 .4  

9 .2  
"+ 2 .6  

5.8 
.4 .0 .1  

2 .98  
-4- 0 .5  

4 .6  
-4- 0 .4  

4 .6  
-4- 0 .5  

1.5 

1.4 

0.9 

0.9 

1.3 

0.6 

1.7 

0.9 

of linoleie acid in liver of sheep. While marked 
changes occurred in the proportions of liver f a t ty  
acids, the composition of adipose tissue remained 
surprisingly constant. 

The proport ions of myristic acid increased 8-fold 
in the liver and 4-fold in adipose tissue in sheep 
administered methyl  myristate in the rumen. A de- 
crease in proport ion of unsaturated acids in both 
liver and adipose tissue was similar to the previous 
reported effect of safflower oil. Tables IV and V 
show that  the deposition of myristate in tissues was 
greater when methyl  myristate was administered in 
the rumen ra ther  than the abomasum. This may be 
explained by the higher absorption and /o r  digesti- 
bility of methyl  myristate when injected into the 
rumen compared to the abomasum (Table I I ) .  Meas- 
urable radioactivity was found in milk of lactating 
goats 4 hr  following oral administration of labelled 
myristic acid (8). These results together with the 
sheep data would suggest that a portion of myristic 
acid was absorbed via rumen wall. Unfortunately,  
no data are available concerning the absorption sites 
of various long chain F A  in the ruminant  animal. 

In the ruminant  animal the principal  source of 
energy originates f rom the short chain acid produced 
from fermentat ion by rumen microflora. The amount  
and proportions of these acids have been related to 
the efficiency of energy utilization. Armstrong et al. 
(9) showed that  the heat increment of acetate was 
markedly reduced in the presence of propionate in 
the sheep. Fur ther ,  increased growth and feed utiliza- 
tion has been related to higher propionate production 
in the rumen of steers (10). Both methyl myristate 
and to a lesser extent s~fflower oil increased the molar 
percent of propionic acid with a corresponding de- 
crease in acetate in the rumen fluid of the sheep in 
this s tudy (Table VI ) .  These data would suggest 
that  the oils may increase the caloric efficiency of the 
other ingredients in the ration, besides their addition 

T A B L E  V I  

R u m e n  F a t t y  Acids  f rom Sheep 
A d m i n i s t e r e d  Safflower Oil  and  Methyl  M y r i s t a t e  

Mola r  % of r u m e n  f a t t y  acids  a 

. . . .  Ace ta t e  P r o p i o n a t e  B u t y r a t e  I s o v a l e r a t e  V a l e r a t e  

Cont ro l  74.1 -4- 2 6 15.8  -4- 2.3 7.9 • 0.8 0.9 1.5 
Safflower oil 69.2  -4- 2 .4  19.0  -4- 2.2 8.8 -4- 0.9 1.6 1.2 
Methyl  

m y r i s t a t e  [ 65.5 -4- 2 .2  123,0 -4- 1 .4  I 9.5 -4- 1.0 [ 0.2 I 1.7 

of calories per se. This alteration in these fermenta- 
tion end products may  be the result of a change i n  
rumen microflora population and /o r  a change in bac- 
terial lipids. Marco et al. (3) showed that  F A  com- 
position of tissues and mitoehondria reflect the F A  
composition of the diet. Like mitochondria, the com- 
position of bacterial lipid reflected the F A  composi- 
tion of the ration. In  sheep treated with methyl  
myristate the proport ion of myristate of the total 
bacterial lipid as linoleie acid increased from 12% 
to 16% in sheep t reated with safflower oil (75% 
linoleie acid).  

Essential F A  deficiency syndromes have not been 
observed in animals with functional rumens. The 
large proport ion of lino]eic acid in the rumen bacteria 
(Table VI I )  f rom the control sheep fed a diet that  
contained only 0.2% T F A  suggests that  rumen bac- 
teria may  synthesize ]inoleic acid. 

I f  the rumen mieroflora possess the capacity to 
hydrogenate unsatura ted F A  (as indicated by the 
results of this s tudy when the diet contained approxi- 
mately 7% of these F A ) ,  it is difficult to account for  
the presence of linoleic acid in the body when many 
diets such as pasture grasses contain as little as 0.2% 
TFA.  Possibly, it is the protozoa ra ther  than the 
bacteria that  hydrogenate the unsatura ted fats. Pro- 
tozoa and bacteria may  compete for  hydrogenation 
and deposition of unsatura ted  FA. Without  a compe- 
tition phenomenon it  would be difficult to explain 
why the composition of depot fa t  in ruminant  animals 
remain rather  constant even when diets are fed that  
vary  widely in quant i ty  of unsaturated F A  (Table 
VlI). 

Stearie acid in monogastrie animals is poorly ab- 
sorbed (6).  I f  dietary unsaturated F A  become hy- 
drogenated in the rumen, the caloric value would 
be reduced if we assume that ruminants  are similar 
to monogastric animals in comparative absorption 
of FA. However, no data  are available concerning 
absorption of long chain F A  in ruminant  animals. 
I f  the protozoa are pr imar i ly  responsible for  F A  

T A B L E  V I I  

F a t t y  Acid  Composi t ion  of R u m e n  B a c t e r i a  

Carbon  cha in  l eng th  : U n s a t u r a t e d  bonds 

1 2 : 0  1 4 : 0  1 6 : 0  18 .0  1 8 : 1  1 8 : 2  1 8 : 3  

5.0 14 .1  29 .5  14.1  20 .1  12.1  3.1 
2.6 6.8 ! 20 .0  20 .1  30 .0  16.3 3.9 
5.0 44 .8  i 24 .7  4 .7  10 .2  6.4 0.9 

Control  
Safflower oil 

" M e a n  and  SE of the mean .  Methyl  m y r i s t a t e  
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hydrogenation, the caloric value of unsaturated fat 
might  be increased by  selectively el iminating the 
protozoa f rom the rumen.  
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Quantitative Analysis of 1-Olefins by Programmed 
Temperature Gas Chromatography 
R. W. POE and E. F. KAELBLE, Inorganic Chemicals Division, Research Department, 
Monsanto Chemical Co., St. Louis, Missouri 

Abstract 
Gas chromatography  has been extremely valu- 

able for  the analysis of materials  used in the 
manufac tu re  of surfactants .  Tempera ture  pro- 
gramming,  which makes possible the efficient 
separat ion of wide boiling range mixtures,  has 
extended the usefulness of the 'technique. 

In  the work described, mixtures  of 1-olefins 
f rom C8-Cls in chain length were completely sep- 
ara ted on a silicone rubber  column in 17 min. 
The peaks were sharp, symmetr ical  and almost 
evenly spaced. A flame ionization detector was 
used. 

Using synthetic mixtures,  it was found 'that over 
the Cs-C18 range, peak area percent agrees very  
closely with weight percent.  On a large number  
of measurements,  the average deviation between 
area percent  and weight percent was 0.5% abso- 
lu'te, with a range of _+ 2%. No bias in instru- 
ment  response was observed with respect to chain 
length. Average carbon numbers  calculated f rom 
chromatographic  data were accura te  to within 
Jr 0.2 units. 

Chromatographic  results were compared with 
mass spectrometer data  and were found 'to be 
significantly more precise and accurate. Fur ther -  
more, olefins could be detected in concentrations 
low enough that  they were missed by the mass 
spectrometer  (0 .1%).  

Introduction 

B I~A~TCHED-Ct~AIN OLEFI~qS, par t icu lar ly  te t rapropyl-  
ene, have long been used as intermediates  in the 

manufac tu re  of detergents.  With  improved technol- 
ogy, s traight-chain 1-olefins are expected to become 
available soon in large volume and at  commercial 
prices. As such, they are regarded as basic raw ma- 
terials and valuable intermediates for  the detergents 
of the future .  The need arises, therefore, for  a rapid,  
reliable method for  analyzing commercial mixtures  of 
1-olefins in the C8-C18 range. Gas chromatography  
has proved useful for  analyzing detergent  intermedi- 
ates and related materials  in the past  (1-4) ,  and we 
have found this technique, with the addit ion of pro- 
g rammed column temperature ,  to be useful  also for  
1-olefins. 

Experimental 
An F&M Model 609 gas chromatograph was used 

in this work. The ins t rument  was equipped with a 
flame ionization detector and a Disc integrator.  Sili- 

cone gum rubber  (SE-30) was found to be a very  
efficient s ta t ionary  phase for  separa t ing ]-o]efins in 
the C8-C18 range. The column used was 2 f t  long, 
l~ in. O.D. stainless steel packed with 20% SE-30 on 
60-80 mesh Chromosorb P. 

Separat ion was best when the column tempera ture  
was p rogrammed upward  f rom 75C at a l inear rate  
of 9C per  minute.  Flow rate  of the hel ium carr ier  
gas was 30-35 cc per minute. Inject ion por t  and de- 
tec'tor tempera tures  were 270C and 325C, respectively. 
Sample size was varied between 0.1 and 1.0 ~1. To 
check quant i ta t ive response, a series of nine syn- 
thetic mixtures  was p repared  f rom pure ,  even-num- 
bered 1-olefins in the C8-C18 range. The mixtures  
cot/rained f rom two to six components ranging  in 
concentration f rom 5-95%. 

Results and Discussion 
A typical  p rogrammed tempera tu re  chromatogram 

of an experimental  olefin mixture  is shown in Fig- 
ure 1. F igure  2 shows the chroma'togram of the 
same sample run  under  isothermal conditions. The 
increased efficiency of p rogrammed tempera ture  oper- 
ation in separa t ing mixtures  spanning a wide boiling- 
point range is s tr ikingly demonstrated.  Not only is 
resolution improved by tempera ture  programming,  
but higher boiling components (i.e., C16, C17, and Cls 
olefins), so diffused in isothermal operat ion as to  be 
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FzG. 1. P r o g r a m m e d  t e m p e r a t u r e  g a s  e h r o m a t o g r a m  of ex- 
p e r i m e n t a l  olef in .  


