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Cg-7 n-alkanes and n-alk-l-enes. 
New techniques employing programmed cryogenic 

temp gas chromatography (7) with rapid scanning 
mass spectrometry (8) now permit easy separation and 
identification of the volatile compounds in complex 
mixtures. These techniques have already been used 
to verify and extend the analyses described in this 
paper. For example, methane, ethane and some 
branched chain hydrocarbons now have been identified. 
These methods are also currently being used to ex- 
tent the investigations to meats other than beef and 
to several fundamental lipid substances related to 
meats. The discovery of the widespread occurrence of 
hydrocarbons in irradiated lipids as well as in oxidized 
and thermally decomposed lipids suggests that much 
further detailed investigation is required to under- 
stand the various mechanisms involved in the degra- 
dation of natural fats and oils. 

A C K N O W L E D G M E N T  
Samples of volatile compounds isolated f rom i r rad ia ted  methyl oleate 

f rom J.  R. Chipault,  The Hormel  Inst i tute ,  Universi ty of Minnesota,  
Austin,  Minn. 
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Lipid Metabolism in Germinating Flaxseed 2 

D. C. ZIMMERMAN 2, a and H. J. KLOSTERMAN, Department of Agricultural 
Biochemistry, North Dakota State University, Fargo, North Dakota 

Abstract 
Flaxseed was germinated in the dark at 25C for 

90 hr and the amt of triglycerides, free fat ty acids 
(FFA)  and phospholipids, as well as the fatty 
acid composition of each, were determined at 18- 
hr intervals. The amt of F F A  increased greatly 
during germination. There was no preferential 
metabolism of any particular fat ty acid in either 
the triglyceride or F FA fractions. The percent- 
age of linolenic acid in the phospholipids increased 
as germination progressed. Behenie, lignoceric 
and cerotic acids were observed in the F F A  frac- 
tion after 54 hr of germination. Odd-numbered 
saturated and unsaturated acids, indicative of an 
~-oxidation mechanism, were observed in the FFA 
fraction at 54 hr and in the triglyeeride fraction 
at 72 hr. 

Introduction 

T HE ~IETABOLISM Of storage lipid, primarily triglyc- 
erides, provides the main source of energy for the 

germination process in oil-bearing seeds. Although 
both the glycerol and fat ty acid portions of the tri- 
glyeeride molecule are utilized during germination, 
the metabolism of the fat ty acids was of primary in- 
terest in this study. Many workers have studied the 
changes in the lipids of germinating flaxseed (Linum 
usitatissimum L.) (1). However, most of these reports 
have dealt with the gross changes in the lipids such 
as iodine value (I.V.), acid value and oil content. The 
most extensive study of the changes in germinating 
flax was made by Desveaux and Kogane-Charles in 
1952 (2). They reported the fresh wt, dry wt, total 
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lipid content, FFA content, the amt of reducing, non- 
reducing and easily hydrolyzable carbohydrates, I.V., 
neutralization equivalent, non-saponifiable content and 
the organic acids during 12 days of germination. 
Most recently, Huber and Zalik (3) reported the 
changes in oil content, fat ty acid composition and 
amino acid composition in developing and germinating 
flaxseed. The latter work was the first to use gas 
chromatography to determine the fatty acid composi- 
tion during germination. 

Although much is known about the changes in lipid 
content during germination, little is known about the 
changes in the fatty acid composition of the individual 
lipid classes. In most of the previous studies, petro- 
leum ether was used as an extraction solvent and con- 
sequently the polar lipids were not quantitatively ex- 
tracted. In addition, observations were not made 
during the initial 5 days of germination, which Hal- 
vorsen has shown to be period of active lipid metabo- 
lism (4). Desveaux and Kogane-Charles (2) reported 
a 23% decrease in the I.V. of the oil while Ermakov 
and Ivanov (5) and Paatela (6) observed no signifi- 
cant change in the I.V. during germination. 

In view of the inadequacies and conflicting results 
of previous studies on germinating flaxseed, it seemed 
advisable to reexamine the changes in lipids which 
occur during the initial germination period. 

Experimental 

General Comments. All solvents were distilled prior 
to use. All operations involving the total lipid extract 
were conducted under nitrogen to reduce the possibil- 
ities of oxidation. When not in use, the total lipid 
extract was stored under nitrogen in the dark at --17C. 
All of the spectrophotometrie analyses were conducted 
with a Beckman DK-2 spectrophotometer using cells 
with a 1-cm light path. 

Germination. Flaxseed, variety C.I. 1303, was sur- 
face sterilized with a 2.67% aqueous sodium hypo- 
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chlorite solution, washed with sterilized distilled water  
and placed in a sterilized 14-em petr i  plate containing 
filter paper  wetted with 4 ml of sterilized distilled 
water. The petr i  plates were placed in an incubator  
at  25C ± 0.5C in the dark. Two ml of water  were 
added to each plate af ter  18 hr and again af ter  54 hr. 
Germinat ion was greater  than 95% and nonviable 
seeds were rejected f rom the sample. 

At  18-hr intervals,  duplicate samples of 100 seed- 
lings each were counted, frozen in an acetone-dry ice 
bath  and lyophi]ized. The d r y  mater ial  was trans-  
ferred to a ta red  vial and the d ry  wt/100 seedlings 
obtained. 

Extraction. Each dried sample was placed in a 
stainless steel cup with 15 mi chloroform-methanol 
(2:1 v / v )  under  nitrogen and homogenzied at  45,000 
r p m  with a VirTis  Model 45 homogenizer for  3 rain. 
The cup was placed in cold water  to prevent  excessive 
heating of the solvent mixture. Af te r  t ransfer  to a 30- 
ml Teflon-lined screw cap culture tube, the mixture  
was placed under  ni trogen and allowed to extract  at  
25C for 18 hr. The mixture  was centr ifuged to re- 
move cellular debris and the superna tan t  decanted. 
Five ml of solvent was added to the tube and cen- 
t r i fuged again. The superna tan t  solutions were com- 
bined, washed via the Folch technique (7) and diluted 
to 25 ml with chloroform-methanol.  This is the total  
l ipid extract  refer red  to in la ter  sections. 

Analysis of the Lipid Extract. Two 3-ml Miquots 
were taken f rom each l ipid extract,  evaporated to 
dryness under  a s t ream of ni t rogen and weighed. The 
wt of total  l ipid/100 seedlings was thus obtained. 

The amt  of phosphorous in the total  l ipid extract  
was determined by the method of Marinett i  (8). The 
wt of the phospholipids was calculated on the basis 
of a 3.7% phosphorous content in flax phospholipids 
(9). 

The triglycerides and F F A  were separated on thin- 
layer  (250 ~) plates pr ior  to analysis. The thin-layer 
plates were p repared  by mixing 30 g silica gel G, 
1 ml 85% phosphoric acid and 64 ml 0.2% aqueous 
Rhodamine 6G solution and apply ing  this mixture  to 
5 glass plates (20 cm x 20 cm) with a commercial 
applicator.  The plates were act ivated at  110C for  1 
hr. Aliquots of the lipid extracts,  f rom each of the 
two samples which were taken at  each germination 
period, were applied in duplicate to thin-layer plates 
and the la t ter  developed in a petroleum ether-diethyl 
ether (70:30, v / v )  solvent. Af te r  chromatography the 
various lipid components were viewed as fluorescent 
spots under  UV light of 366 In~ wavelength. Af te r  
marking  the location of the triglyeerides, equal areas 
of gel were scraped off the plate into a 12-ml centr ifuge 
tube and the amt  of tr iglyeerides in each tube deter- 
mined colorimetrieally by means of the sulfophospho- 
vanill in reaction (10). A s tandard  tr iglyeeride solu- 
tion was p repared  by weighing out a sample of pure  
linseed oil tr iglycerides which had been isolated by 
thick-layer (1 ram) chromatography.  

The determinat ion of the F F A  in each extract  was 
completed in the same manner  as the triglycerides. A 
s tandard  F F A  mixture  was p repared  f rom pure  
(99+ %, t Iormel  Ins t i tu te)  f a t t y  acids in the following 
composition: stearic acid 10%, oleic acid 40%, lino- 
leic acid 15%, lin01enic acid 35%. 

Fo r  the separat ion of f a t t y  acid methyl  esters with 
regard  to unsaturat ion,  silver ni t ra te  impregnated  
thin-layer plates were p repared  by dissolving 7.5 g of 
silver ni trate  in 75 ml of water  and mixing with 30 g 
of silica gel H. 

Fatty Acid Analysis. The total l ipid extract  was 
separated into its various lipid classes by chromatog- 
r aphy  on an acid t reated Florisil  column (11). Ten 
ml of the total l ipid extract  was evaporated under  
ni trogen to a volume of 0.5 m] and this was placed 
on the top of a water  jacketed Florisil  column con- 
ta ining a 1% solution of diethyl ether in petroleum 
ether (v /v ) .  The column was then eluted with the 
following amt  of solvents: 60 ml of petroleum ether- 
diethyl  ether (99/1) ; 50 ml of petroleum ether-diethyl 
ether (96/4) ; 30 ml of petroleum ether-diethyl ether 
(50 /50) ;  60 ml of methanol. Ten-ml fract ions were 
collected and assayed by  thin-layer chromatography  
(TLC)  to determine the location of the individual  
lipid classes. Those fract ions containing a single elass 
of lipids were combined, concd under  nitrogen and 
examined fur ther  by  gas chromatography.  

The methyl  esters of the f a t ty  acids were p repared  
f rom the individual  lipid classes obtained f rom col- 
umn chromatography.  Triglycerides were transesteri-  
fled with 0.5 N sodium methoxide in absolute methanol 
(12). F F A  were esterified with boron trifluoride- 
methanol reagent (13). Phospholipids were t rans-  
esterified with boron trifluoride-methanol reagent  
(14). The prepara t ion  of methyl  esters was monitored 
with the use of TLC and the conversion was greater  
than  95% under  the conditions employed for  each 
class. The methyl  esters were chromatographed on a 
6.1-m diethylene glycol succinate (24% on Anakrom 
AB, 80/90 mesh) column, 4 mm I.D. and on a 1.5-m 
SE-30 silicone (5% on Anakrom AB, 80/90 mesh) 
column, 4 m m  I.D. Operat ing conditions for  the 
D E G S  column were oven temp 200C and a flow rate  
of 6 m l /min  of nitrogen. For  the SE-30 column, the 
oven temp was raised to 210C. The two columns were 
used in conjunction with a hydrogen flame detector 
mounted in an Aerograph  Gas Chromatograph,  Model 
A-90C. Areas of the peaks appear ing  on the chart  
were determined by a Disc in tegra tor  at tached to the 
l -my  recorder. 

Fin. 1. Chromatoplate of total lipid extracts, 200 t*g each, 
from various germination periods. A, B, C, D, E and F = 0, 18, 
36, 54, 12 and 90 hr of germination, respectively. Identification 
of spots: 1) hydrocarbons and sterol esters, 2) triglycerides, 
3) FFA, 4) sterols and trlterpenlc alcohols, 5) phospholipids. 
Solvent system, petroleum ether-diethyl ether (70:30, v/v). 
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TABLE I 

W e i g h t  of Total  Lipid ,  Triglycerides,  F F A  and Phosphol ip ids  D u r i n g  
90 h r  of Germina t ion  

G . Seed- 
erml- 1" 

na t ion  . m g  
h r  mngvn 

mm 

- T - ~  
18 0 -0 ,5  
36 4 - 5  
54 12--15 
72 25--40 
9 0  35-___A8 

Avg.  std. deviation 
for  each germina-  
t ion per iod 

re la t ive  error,  100 
x 

T H : E  J O U R N A L  O F  T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  

Pe r  100 seedlings 

FFA 
g 

0.0003 
0.0003 
0 .0010 
0.0058 
0.0095 
0.0100 

0.0003 

5 .39% 

D r y  Total  i Triglye- Phosphc 
wt  l ip id  i erides l ip ids  

~ , .  g _ i  g g 

0 . 5 4 7 7  0 . 1 9 0 0  i 0 . 1 7 3 5  - 0 . 0 0 5 5  
0:5385i 0.1934 10.1899 0.00~9 
0.5197~ 0.1837 i01589 00070 
0.5214 0,1650 0.1409 0.0078 
0.5263 I 0 .1287 0.1021 0.0080 
0.5489 0 - - 1 0 4 1 _ .  0.__0815 ]_ 0.0069 

I 
0.0134 0.0049 0.0069 0.0002 

2 . 5 1 %  3 . 0 6 %  5 .01% [ 3 . 2 0 %  

R e s u l t s  

The separation of the various lipid classes is shown 
in Figure  1. 

Diglycerides could not be detected using the thin- 
layer  technique of Rybicka (15) and were adjudged to 
be absent. 

Weight of Lipid Classes. The results of the wt de- 
terminations of the lipid classes along with the seed- 
ling length and dry  wt during 90 hr of germination 
are listed in Table I. 

Fatty Acid Composition of the Lipid Classes. In  
the remainder of this report,  the shorthand method of 
Fa rquha r  et al (16) will be used in place of the com- 
mon names of the fa t ty  acids. The method of Lan- 
downe and Lipsky (17) was used to test for the pres- 
ence of branched-chain fa t ty  acids and none were 
detected. No at tempt  was made to determine the pres- 
ence of f a t t y  acid methyl  esters shorter than 14 car- 
bon atoms. Quantitat ive results with National Hear t  
Inst i tute F a t t y  Acid Standard  Mixture C agreed with 
the stated composition data with a relative error  less 
than 4.1% for major  components ( >  10% of total mix- 
ture)  and less than 9.8% for minor components 
( < 1 0 %  of total mixture) .  The percentage composi- 
tion of the fa t ty  acids in the triglyceride, F F A  and 
phospholipid fractions is shown in Tables II ,  I I I  and 
IV, respectively. 

The results of gas chromatography of the methyl 
esters of the F F A  at 54 hr and the fa t ty  acid methyl 
esters of the triglyceride fraction at 72 hr are shown 
in Tables V and VI, respectively. 

]n  Tables II ,  and I I I  and IV it was noted that  18 : 3 
might contain a small amt of 20:1. Analysis of the 
triglyceride fract ion at 54 hr on the SE-30 silicone 
column indicated the presence of an unsaturated 20- 
carbon fa t ty  acid. This par t icular  component was col- 
lected from the silicone column and then rechroma- 

T A B L E  I I  

Composi t ion of the F a t t y  Acids in  the Tr ig lyeer ide  Fract ions  

Hours  of ge rmina t ion  

18 36 54 72 90 
% % % % % 

tr .  tr.  tr. 0.1 
tr.  tr.  tr. tr .  

tr. 
9.2 7,6 6.2 7.6 

. . . . . . . . . . . .  t r .  0:3 

. . . . . . . . . . . .  t r .  0.1 
tr .  0.1 

2.2 2.0 2.2 4.6 
38,3 36.4 37.8 
12.5 15.5 12.5 
37.8 39.5 40.9 
. . . . . . . . . . . .  4.0 
. . . . . . . . . . . .  t r .  

tr.  

6,6 
0.2 
tr,  
tr .  

3.2 
31.2 ~6.6 
16.2 15.2 
39.2 38.0 

0.4 0.1 
tr. tr .  
tr . . . . . . .  

k c l d  0 
% 

14 :0  ........................ tr. a 
1 5 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

15 :1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 0  ......................... 7.3 
1 6 : 1  . . . . . . . . . . . . . . . . . . . . . . . .  t r .  
1 7 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 7 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 8 : 0  ........................ 1.9 
1 8 : 1  ........................ 35.2 
18 :2  . . . . . . . . . . . . . . . . . . . . . . .  10.9 
1 8 : 3  b ...................... 44.7 
2 0 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a tr .  ~-~ less than 0 . 1 % .  
b May conta in  a small  amt of 20 :1 ,  see text, 
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T A B L E  I I I  

Fa t ty  Acid Composi t ion F F A  Frac t ions  

Acid 0 
% 

14 :0  . . . . . . . . . . . . . . . . . . . . . . . .  0.8 
1 5 : 0  . . . . . . . . . . . . . . . . . . . . . . .  t r .  
15 :1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 :0  ........................ 9.5 
16 :1  ....................... 1.2 
17 :0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
17 :1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18 :0  ........................ 1.9 
18 :1  ........................ 37.3 
18 :2  . . . . . . . . . . . . . . . . . . . . .  23.2 
18 :3  b . . . . . . . . . . . . . . . . . . . . . .  26.1 
2 0 : 0  . . . . . . . . . . . . . . . . . . . . . . . .  tr .  
2 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 6 : 0  . . . . . . . . . . . . . . . . . . . . . .  

H o u r s  of ge rmina t ion  

18 36 54 72 90 % % % % % 
t r . a  0.6 0.1 0.5 0.2 
tr .  0.4 t r .  0.2 t r .  

0.1 
5.3 13.3 10.4 9.4 12.3 
0.3 1.0 0.6 0.9 0.8 

0.2 0,2 0.4 0.1 
tr. 0.2 tr .  0,1 tr. 

0.9 3.5 1,6 3.9 B.B 
23.8 20.5 33.2 29,6 28.5 
15.7 13.8 13,4 17.9 14.6 
54.0 28.7 31.2 33.2 19.9 

tr. 3.6 0,6 0.8 0.7 
...... 2.3 0.9 0,5 1.7 
...... 11.8 7.2 2.5 13.8 
. . . . . . . . . .  0.5 ...... 3.9 

a t r , - ~  trace, less than  0 .1%.  
b May conta in  a small amt of 20 :1 ,  see text. 

tographed on the D EG S column. Its retention time 
corresponded to that  of a monounsaturated 20-carbon 
fa t ty  acid, 20:1. The location of the double bond was 
not determined. Since this acid has the same retention 
time on the DEGS column as 18 : 3, it  was not observed 
as a separate component on that  colmnn. The amt 
of 20:1 in each of the individual fractions was not 
determined; however, in those fractions in which it 
was observed, it amounted to ca. double the 20:0 per- 
centage in the phospholipids and triglycerides and ca: 
one-half of the 20:0 percentage in the FFA.  

The equivalent chain length (ECL)  and the reten- 
tion volume relative to that  of 18 : 0 for  the minor con- 
sti tuent f a t t y  acids observed in this s tudy are given 
in Table VII .  

D i s c u s s i o n  

Weight of Lipid Classes. The decrease in dry  wt/100 
seedlings dur ing  the early stages of germination was 
part ia l ly  due to a diffusion of mucilage out of the seed 
or seedling. Af ter  36 hr  the conversion of lipid to 
carbohydrate resulted in a net fixation of oxygen with 
a small increase in the dry  wt of the seedling. A simi- 
lar increase in the dry  wt of the flax seedlings was 
observed by Desveaux and Kogane-Charles (2) and of 
soybean seedlings by Brown e t a l .  (18). The change 
in total lipid content was in general agreement with 
that  noted by other workers (2,3) with the exception 
that the changes occurred more rapidly due to the 
higher temp used in this study. During the first 18 
hr there was only a slight decrease in the amt of 
tr iglyeerides;  thereafter  they were metabolized more 
rapidly,  unti l  at  90 hr  only 47 % of the original amount 
remained. I t  should be emphasized that  the changes 
reported here are the net changes in the various lipid 
classes in the whole seedling. I t  is quite plausable tha t  
triglycerides were catabolized in one tissue of the 
seedling and resynthesized in another tissue simul- 
taneously. 

An increase in the amt of phospholipids was ob- 
served up to 72 hr of germination. However, the 
amt at 90 hr had decreased. A similar decrease in the 
phospholipids was observed by Hardman  and Crombie 
(19) in watermelon seed that  was germinated in the 
dark, but  which did not occur when germination was 
conducted in the presence of light. 

The F F A  content remained unchanged during the 
initial 18 hr  of germination but  increased greatly 
thereafter ,  comprising almost 10% of the total lipid 
in the seedling at 90 hr. The constant increase af ter  
18 hr indicated that  the activity of the lipase enzyme 
was greater  than at  least one of the enzymes involved 
in the oxidative breakdown of the fa t ty  acids and that  
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T A B L E  I V  

C o m p o s i t i o n  of  t h e  F a t t y  A c i d s  i n  t h e  P h o s p h o l i p i d  Fract ions  

A c i d  0 
% 

1 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . .  2 . 5  
1 5 : 0  . . . . . . . . . . . . . . . . . . . . . . . .  t r .  a 
1 5 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 0  . . . . . . . . . . . . . . . . . . . . . . . .  2 6 . 0  
1 6 : 1  . . . . . . . . . . . . . . . . . . . . . . . .  5 . 5  
1 7 : 0  . . . . . . . . . . . . . . . . . . . . . . . .  tr. 
1 7 : 1  . . . . . . . . . . . . . . . . . . . . . . . .  1 . 0  
1 8 : 0  . . . . . . . . . . . . . . . . . . . . . . . .  6 . 6  
1 8 : 1  . . . . . . . . . . . . . . . . . . . . . . . .  2 2 . 5  
1 8 : 2  . . . . . . . . . . . . . . . . . . . . . . . .  1 8 . 4  
1 8 : 3  s . . . . . . . . . . . . . . . . . . . . . .  1 7 . 5  
2 0 : 0  . . . . . . . . . . . . . . . . . . . . . . . .  t r .  
2 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . .  t r .  
2 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H o u r s  of germinat ion 

1 8  3 6  5 4  
% % % 

0 . 5  0 . 7  0 . 6  0 . 4  0 . 7  
tr. 0 . 4  0 .3  t r  . . . . . . .  

2 8 . 3  2 1 . 3  2 3 . 8  1 8 . 3  1 8 . 5  
0 .9  0 .3  1 .0  1 . 4  1 .9  

. . . . . .  0 . 3  0 . 2  0 . 4  0 . 5  
tr. 0 .3  0 . 1  0 . 4  

2 . 1  3 . 6  4 . 6  3 . 5  3.4 
3 0 . 1  2 2 . 4  1 5 . 7  1 3 . 3  1 2 . 8  
2 2 . 1  2 8 . 4  2 4 . 4  3 2 . 4  2 1 . 9  
1 6 . 1  2 3 . 2  2 7 . 4  2 7 . 4  3 7 . 2  
. . . . . .  t r .  0 . 3  0 . 2  0 . 4  
. . . . . .  t r .  0 . 2  0 . 8  1 . 2  
. . . . . . . . . . . .  1 .0  1 . 5  0 . 6  
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T A B L E  V I  

Fat ty  A c i d  M e t h y l  E s t e r s  f r o m  t h e  T r i g l y c e r i d e  Fract ion  at 7 2  H r ,  as 
O b s e r v e d  o n  t h e  S E - 3 0  C o l u m n  after pr ior  Separat ion  b y  

S i l v e r  N i t r a t e  T L C  

72  9 0  C l a s s  I i  D e s i g n a t i o n  

% % S a t u r a t e s  . . . . . . . . . . . . . . . . . . .  1 4 : 0 ,  1 5 : 0 ,  1 6 : 0 ,  1 7 : 0 ,  2 0 : 0 ,  2 2 : 0 ,  2 4 : 0  
: M o n o e n e s  . . . . . . . . . . . . . . . . . . .  13  : u ,  a 1 5  :u ,  1 7  : u ,  18  : u  
D i e n e s  . . . . . . . . . . . . . . . . . . . . . . . .  18  : u  
T r i e n e s  1 7  :u ,  1 8  : u  

a u = unsaturated,  see t e x t .  

a tr. ~ trace, less than 0 . 1 % .  
b M a y  c o n t a i n  a s m a l l  a m t  of  2 0 : 1 ,  s ee  text. 

the rate of hydrolysis  of the tr iglyeerides by lipase is 
not l imiting the rate  of f a t t y  acid oxidation. 

Minor Constituent Fatty Acids. Tables I I  and I V  
show that  the tr iglycerides and phospholipids con- 
tained vary ing  amt  of 14 : 0, 15 : 0, 15 : 1, 16 : 1, 17 : 0, 
17 : 1, 20 : 0, 20 : 1, 22 : 0 and 24 : 0 at different times 
dur ing the germination. Table I I I  shows tha t  these 
same acids as well as 26:0 were present  in the F F A  
fractions. 

The most interest ing feature  about these minor  con- 
st i tuent f a t t y  acids is their  t ime of appearance in the 
various lipid classes. At  36 hr significant amt  of 
17 : 0, 17 : 1, 20 : 0, 22 : 0 and 24 : 0 appear  in the F F A  
fractions. Eighteen hr la ter  these same acids appear  
in larger conch in the tr iglyeeride and phospho]ipid 
fractions. Small  amt  of 16 : 1, 17 : 0, 17 : 1, 20 : 0 and 
22 : 0 were observed in most of the germinat ion periods. 
The appearance of these minor acids in the tr iglyc- 
eride fract ion was possibly due to the fact  tha t  the 
tr iglycerides were in a dynamic state and were con- 
t inual ly  being hydrolyzed to glycerol and F F A  and 
resynthesized into triglycerides. An al ternate explana- 
tion was tha t  the catabolism and anabolism of the 
triglycerides were occurring simultaneously in two 
separate tissues within the seedling, for example, oxi- 
dation in the cotyledons and synthesis in the root 
(hypocotyl) .  Since the different tissues were not sepa- 
ra ted pr ior  to analysis, i t  cannot be stated definitely 
which of the explanations above is correct. 

At  the present  time, a-oxidation is the only mecha- 
nism known to account for the occurrence of odd-num- 
bered long-chain f a t ty  acids in higher plants. Alpha-  
oxidation of 18:0  and 18:1 could account for  the ap- 
pearance of 17 : 0 and 17 : 1 in the F F A  fract ion at 36 
and 54 hr. I f  a-oxidation was occurring at 54 hr, 17 : 3 
should also have been detected. In  order to achieve 
the complete separat ion of the expected esters, it was 
necessary to separate  the monoenes, dienes and trienes 
pr ior  to analysis by  gas chromatography.  This was 
accomplished by  chromatography  of the f a t t y  acid 
methyl  esters on thin-layer plates of silica gel t t  im- 
pregnated  with silver nitrate.  F r o m  the data  shown 
in Tables V and V I  it was concluded tha t  the signifi- 
cant amt  of 15 : 0, 17 : 0, 17 : 1 and 17 : 3 present  in the 
F F A  fract ion at 54 hr, and in the tr iglyceride frac-  

T A B L E  ¥ 

Fatty  A c i d  M e t h y l  E s t e r s  f r o m  t h e  F F A  Fract ion at 5 4  h r ,  a s  O b s e r v e d  
o n  t h e  D E G S  C o l u m n  after Separat ion  b y  S i l v e r  N i t r a t e  T L C  

Class Des ignat ion  

S a t u r a t e s  . . . . . . . . . . . . . . . . . . . .  1 1 : 0 ,  1 2 : 0 ,  1 3 : 0 ,  1 4 : 0 ,  1 5 : 0 ,  1 6 : 0 ,  1 7 : 0  
2 0 : 0 ,  2 2 : 0 ,  2 4 : 0 ,  2 6 : 0  

M o n o e n e s  . . . . . . . . . . . . . . . . . . .  1 6 : 1 ,  1 7 : 1 ,  1 8 : 1 ,  2 0 : 1  
D i e n e s  . . . . . . . . . . . . . . . . . . . . . . . .  1 8 : 2  
Trianes . . . . . . . . . . . . . . . . . . . . . .  1 7 : 3 ,  1 8 : 3  

tion at  72 hr, provided strong evidence for  the exist- 
anee of an s-oxidation process in germinat ing  flaxseed. 
The 15:0, 17:0 and 17:1 acids present  in most of the 
phospholipid fract ions (Table V I ) ,  indicated tha t  a- 
oxidation was proceeding pr ior  to as well as coinci- 
dent with, format ion  of the phospholipids dur ing 
germination. Addi t ional  investigations on the nature  
of the a-oxidation process are in progress. 

The significant amt  of 20 : 0, 22 : 0, 24 : 0 and 26 : 0 
which were observed in the F F A  at  54 hr (Table I I I )  
were due to synthesis occurring at  this time, since they 
were not detected in earlier fractions. The reason that  
the 22:0, 24:0 and 26:0 acids have not been repor ted 
previously is tha t  the lipids in the seedling tissue have 
not been examined with the sensitive techniques used 
in the present  study. Huber  and Zalik (3) made no 
mention of any  acids other than  five ma jo r  acids in 
their  f a t ty  acid composition data. Since they were 
using the comparat ively  insensitive thermal  conduc- 
t iv i ty  detector in their  gas chromatograph,  it  is un- 
derstandable why these compounds were not observed. 
I t  is felt  tha t  all of the minor  consti tuent f a t t y  acids 
would have been detected in this s tudy dur ing the 
ear ly germinat ion periods had an even more sensitive 
detector been available. When a very  large sample of 
f a t t y  acid methyl  esters, p repared  by transesterifiea- 
tion of the oil f rom var ie ty  B-5128, was analyzed using 
the hydrogen flame detector, small amt  of 14:0, 15:0, 
15:1, 16:1, 17:0, 17:1  and 20:0  were observed. I t  
would thus appear  tha t  al though the absolute amt  of 
these minor consti tuent f a t ty  acids may  vary,  they 
are present  in all flax varieties. 

Major Constituent Fatty Acids. Table I I  shows tha t  
the f a t t y  acid composition of the tr iglycerides with 
regard  to the five major  acids, 16 : 0, 18 : 0, 18 : 1, 18 : 2 
and 18 : 3, did not va ry  significantly dur ing the course 
of the germinat ion with but  one exception. The 18:3 
content dropped f rom 44.7 to 37.8% dur ing the first 
18 hr  of germination. This was accompanied by  a 
large increase in the 18 : 3 content of the F F A  (26.1% 
to 54.0%). I t  therefore appears  tha t  the initial action 

T A B L E  VII 

Equivalent Chain Lengths (ECL) and Relative Retention Volumes (ms) 
of the Minor Constituent Fatty Acids on DEGS and SE-30 Columns 

F a t t y  
a c i d  

1 4 : 0  
1 5 : 0  
1 5 : 1  
1 6 : 1  
1 7 : 0  

U n k n o w n  
1 7 : 1  
1 7 : 3  
2 0 : 0  
2 0 : 1  

( 2 1 : 0 )  b 
( 2 0 : 2 )  b 

2 2 : 0  
2 4 : 0  
2 6 : 0  

D E G S  S E - 3 0  

E C L  

1 4 . 0 0  
1 5 : 0 0  
1 5 . 5 0  
1 6 . 6 0  
1 7 . 0 0  
1 7 . 2 0  
1 7 . 6 0  
1 9 . 6 7  
2 0 . 0 0  
2 0 . 7 0  
2 1 . 1 0  
2 1 . 4 0  
2 2 . 0 0  
2 4 . 0 0  
2 6 . 0 0  

r 18 a 

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

F a t t y  
a c i d  

( 1 3 : 1 )  
1 5 : 1  
1 7 : 1  
1 7 : 3  
1 7 : 0  

U n k n o w n  
( 1 9 : u ) b ,  c 

U n k n o w n  
( 2 2  : u )  b, c 

2 2 : 0  
2 4 : 0  
2 6 : 0  

E C L  

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

r l s  a 

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

1 1 . 2 7  

R e t e n t i o n  v o l u m e  r e l a t i v e  t o  t h a t  of  1 8 : 0 ,  a t  1 9 7  ° o n  D E G S  a n d  
2 0 2  ° o n  S E - 3 0 .  

b D e s i g n a t i o n s  i n  p a r e n t h e s i s  a r e  t e n t a t i v e  s i n c e  t h e y  a p p e a r e d  o n  
o n l y  o n e  c o l u m n .  

e u : u s a t u r a t e d ,  n u m b e r  of  d o u b l e  b o n d s  n o t  k n o w n .  
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of lipase was to produce a somewhat larger  amt  of 
18:3 in the free form. This was due to the fact  that  
18:3 was the most abundan t  acid in the tr iglycerides 
of the ungerminated  seed and therefore showed a 
larger  change. The reason for  the sharp  drop in the 
18:1 content at  72 hr  is not known. I t  is not likely 
that  oxidation could account for  the drop since 18:3 
and 18 : 2 are much more susceptible to oxidation than  
18:1. The minor var ia t ions in the compositions may  
have been pa r t l y  due to the minor consti tuent acids 
which were discussed previously. I t  was concluded 
that  there was no preferent ia l  metabolism of the f a t ty  
acids of the tr iglyeerides dur ing the germination 
period. 

The larger  var ia t ion in the composition of the F F A  
fract ion (Table I I I )  was due to the much smaller amt  
of mater ia l  present  in this fraction. The large in- 
crease in 18 : 3 percentage at  the 18-hr period, reflected 
the drop of this same acid in the tr iglyeeride fraction. 

The f a t t y  acid composition of the phospholipids 
showed a marked change dur ing the germinat ion 
period, whereas the f a t t y  acid composition of the tri-  
glyeerides and F F A  were similar. Table VI  shows 
that  this was not the case with the phospholipids. 
Compared to the two other elasses, the amt  of 16:0 
was much greater  and the amt  of 18:3 was mueh lower 
in the phospholipids. Dur ing  the course of germina- 
tion, the 18:3 increased f rom 17.5-37.2% and the 
18:1 decreased f rom 22.5 12.8%. These changes re- 
fleet a significant difference in the eompositio:n of the 
phospholipids in the mature  ungerminated  seed and 
that  in the young seedling. 

These findings with the phospholipids constitute the 
first repor t  of the f a t t y  acid composition in the phos- 
pholipids in germinat ing flaxseed. I t  is understandable  
that  the f a t t y  acid composition of this class showed a 

pronounced change as germinat ion proceeded, since 
the role of the cells produced dur ing the growth of 
the root (hypocotyl)  was different f rom those associ- 
ated with the embryo. The correlation between f a t ty  
acid composition of the phospholipids and metabolic 
function of the tissue involved is difficult to make 
since little is known about  the par t ic ipat ion of phos- 
pholipids in metabolic reactions. 
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Gas- Chromatographic Determination 

Hexane-Extractcd Soybean Flakes 

of Residual Hexane m 

L T. BLACK and G. C. MUSTAKAS, Northern Regional Research Laboratory, s Peoria, Illinois 

Abstract  

A method was developed to determine residual 
hexane in hexane-extracted soybean flakes by gas- 
liquid chromatography  (GLC) .  Af t e r  residual 
hexane was extracted with pure  isooctane, the 
quant i ty  extracted was determined by GLC. 
Analyses were run  on three different columns. 
Column et~eieney was varied to obtain max imum 
speed and accuracy. An a t tenuator  was used to 
ampl i fy  the low-signal output  of the extracted 
residual hexane. 

Accuracy of the method was established by 
analyzing soybean flakes containing 0.01-7.5% 
added hexane. The lower l imit  of accuracy is 
approx  0.02%, and the time required for  analy- 
sis is ca. one hr. 

Residual hexane present  in other kinds of 
hexane-extraeted oilseed flakes might  also be ana- 
lyzed by this method. I t  is probable that. extrac- 
tion solvents other than  hexane which are in- 

Presented at AOCS 3/ieeting, Minneapolis, 1963. 
No. Utiliz. Res. & Dev. Div., ARS, USDA, 

finitely soluble in isooctane eal~ also be determined 
by the method proposed. 

Introduction 

I 
NDUST1%IAL EXT1%ACTION Of soybean flakes with com- 
mercial hexane is in large-scale operation. An 

accurate and rapid  determinat ion of residual hexane 
The need for  a sat isfactory method of analysis is 
present  in extracted meal has long been a problem. 
threefold: a) residual hexane in meal in quantities 
sufficient to produce explosive mixtures  with air must  
be avoided; b) fat-free meals derived f rom extraction 
processes and intended for  animal feed must  be free 
of hexane;  and e) solvent loss is of considerable eco- 
nomic importance to this industry.  

In  our laboratory,  residual hexane in flakes was 
previously determined by the combination of two 
methods. A Kar l  Fischer Aquameter  (9) was used 
for water  analysis, and total volatiles were deter- 
mined by heat ing the sample in a vacuum oven. The 
difference was reported as hexane. This method was 


