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Abstract 

Seeds of Crambe abyssinica C.D. 6619 and the 
Brassica napus varieties Golden and Zero-erucie 
were collected at different stages of matur i ty  and 
the free lipid extracted with hexane. The lipid 
thus obtained was separated into lipid classes by 
silicic acid column chromatography. The lipid 
classes were fur ther  examined by thin-layer chro- 
matography and the component fa t ty  acids and 
sterols by gas-liquid chromatography. 

The relative amounts of the lipid classes in 
erambe and both rape varieties varied as the seed 
matured and a period of great change occurred 
about l0 days after  fertilization. The greatest 
change was in triglyeerides and phospholipids 
plus glyeolipids. Free fa t ty  acids, present in im- 
mature seeds, has almost disappeared at matu- 
rity. The lipid classes of crambe and both types 
of rape were in similar proportion at maturi ty.  
Differences in phospholipid and glyeolipid com- 
position were found between crambe and rape 
and between immature and mature rape. The 
fa t ty  acid composition differed between lipid 
classes and changed with maturi ty.  Changes in 
18-carbon acids of Zero-erueic rape were concur- 
rent  with the development of erueie and eico- 
senoic acids in Golden rape. 

Introduction 

M A N Y  W O R K E R S  H A V E  ST UDIE D the lipid changes in 
matur ing oil-bearing plants such as soybean 

(20), mustard (10) and castor bean (2,3). In  recent 
years, there has been an increase in interest in rape- 
seed oil (4,6,8) and in similar oil from the more re- 
cently introduced oil-bearing Crambe abyssinica (7, 
17). The lipids of developing flax and safflower have 
been studied in this laboratory (15,23,24), and more 
recently rape and crambe (21) have been included as 
par t  of our investigation of lipid development in oil 
seeds. The object of the present work is to s tudy the 
changes within and between lipid classes in the de- 
veloping seed of erambe and of Golden and Zero- 
erucic (25,26) rape. 

Experimental 
Collection and Extraction 

Crambe abyssinica C~D. 6619 was grown in the 
summer of 1963 and the Brassica napus varieties 
Golden and Zero-erueic in 1964 by the Genetics and 
Plant  Breeding Research Insti tute in Ottawa (now 
Ottawa Research Station).  The seed was harvested 
at 10, 20, 30 DAF  (days af ter  fertil ization) and at 
maturi ty,  as previously described (23), and freeze- 
dried immediately. The free lipid was extracted from 
the freeze-dried material first with 20 volumes, then 
twice with 10 volumes of cold deoxygenated hexane 
under nitrogen (15) and stored at - 15C  under  ni- 
trogen in the dark. 

1Contribution No. 36 of the Food Research Institute.  Presented 
at the AOCS Meeting, Cincinnati, October 1965. 
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Silicic Acid Column Chromatography 
The free lipid was separated into classes on a 1.8 

cm I.D. column containing 20 g of 325 mesh silicic 
acid (Bio Rad Laboratories, 32nd and Griffin, Rich- 
mond, California).  The silicic acid was activated by 
cycling with methanol, diethyl ether and hexane as 
described by Hirseh and Ahrens (9). The lipid classes 
were eluted by a nmlti-step increase of diethyl ether 
in hexane, from 0% to 60% ether in hexanc, cor- 
responding to the gradient used by Hirseh and Ahrcns 
(9). The multi-step elution consisted of 24 fractions 
of 20 ml each and was followed by 120 ml of meth- 
anol to elute the phospholipids and glycolipids. The 
fractions were concentrated to 2 ml at below 35C 
under  a stream of nitrogen; column separation was 
followed by TLC of 10 t~l aliquots. Fract ions were 
taken to dryness under  nitrogen, weighed and those 
corresponding to each lipid class were pooled for 
GLC. Deoxygenated solvents were used throughout  
the procedure. A column load of 100 mg was used in 
1963 for erambe but, under  these conditions, free 
fa t ty  acids were not completely separated from tri- 
glycerides. The load was therefore reduced to 50 mg 
for the rapeseed samples. 

Thin-Layer Chromatography 
Separations were made on chromatoplates with a 

250 ~ layer of silica gel G (Research Specialties), 
using the solvent systems a) hexane-diethyl ether- 
acetic acid, 90:10:1 (13) and b) diisobutyl ketone- 
acetic acid-water, 40:25:5 (14). Solvent system "a" 
was used for the separation of nonpolar lipid classes, 
while "b" was used to separate phospholipids and 
glycolipids. System "a" was also used to monitor elu- 
tion from the column and to pur i fy  methyl esters 
for GLC. 

Iodine vapor (22) was used as a general detecting 
agent. Different types of lipids reacted with charac- 
teristic color when sprayed with 20% aq perchloric 
acid (11) and specific spray reagents were also used: 
Dragendorff reagent (1) to detect choline containing 
lipids; molybdate (5) to detect phospholipids, and 
ninhydr in  (RSCo spray reagent) for  the amino 
group. 
Gas Liquid Chromatography 

The methyl esters were prepared by heating with 
hydrogen chloride in absolute methanol (16), puri- 
fied by TLC (18) and analyzed on a po]yviuyl ace- 
tate column in a Research Specialties Series 600 gas 
chromatograph operating with a flame ionization de- 
tector. The sterols were converted to the tr imethyl-  
sily ! ethers (19) prior to separation on a SE 30 
column. F a t t y  acid methyl esters and sterols were 
identified by comparison with pure known standards 
and these s tandard compounds were also used to cal- 
ibrate the gas chromatograph. 

Results 
In erambe and both types of rape, there was little 

change in the oil content of freeze-dried seeds af ter  
20 DAF (Table I) .  The slightly lower weight and oil 
content of mature  erambe relative to the 30 DAF 
sample appeared to be due to a higher content of poor, 
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T A B L E  I 

L ip id  Content  a n d  Composit ion 
Lip id  Classes ( %  of Recovery)  

Free  Free P a r t i a l  Phospho- -{- W t  100 Hydro-  Sterol  Triglyc- f a t t y  glyco- 
Seed seeds  Oil % carbon ester  er ide  sterols  glyceride 

mg acid l ip id  

Crambe 
7 D A F  a 210.0 2.8 0.8 3.4 34.3 7.2 13.1 4.0 37.2 

10 D A F  356.4 11.8 0.3 1.1 84.8 2.3 2.8 5.1 3.6 
20 DAF  600.0 32.5 0.6 1.7 80.4 3.2 2.7 5.9 5.5 
30 D A F  728.0 33.2 0.4 1.5 91.9 1.5 1.1 2.6 1.0 
Mature  654.0 32.2 0.2 1.3 94.9 0.2 1.1 1.2 1.1 

Zero-erucic rape  
10 DAF  71.6 1.4 2.9 4.0 23.1 15.8 9.7 12.3 32.2 
20 DAF  201.0 27.7 1.1 1.6 87.0 1.1 1.7 3.7 3.8 
30 DAF  375.8 37.9 0.6 0.9 89.8 0.8 0.7 4.3 2.9 
Mature  430.0 b 85.9 0.1 1.0 94.3 0.1 1.1 1.7 1.8 

Golden rape  
10 DAF  33.0 b 1.6 1.1 3.6 44.5 16.6 7.1 8.0 19.0 
20 I )AF 220.0 28:8 1.2 0.8 82.2 1.0 1.0 3.3 10.5 
30 D A F  401.6 36.0 0.5 0.2 92.5 1.0 1.4 2.5 1.9 
Mature  453.6 34.8 0.2 3.4 90.3 0.0 0.5 2.6 3.0 

a 7 DAF  crambe was  grown in  1962. 
b W e i g h t  of 100 seeds of ma tu re  Zero-erucie and of 

for both variet ies .  
10 DAF Golden is  an  es t imate  b a s e d  on establ ished graphs  of oil % a n d  seed w e i g h t  

light seeds in the mature sample, which was harvested 
in bulk, than in the individually harvested 30 DAF 
sample. 

Lipid Class Separation 

The recovery from the silicic acid column was 
greater than 95% except for  the 10 DAF Zero-erucic 
rapeseed. In  the investigation of crambe in 1963, the 
resolution of triglycerides and free fa t ty  acids was 
not complete. The load was thus reduced from 100 
mg to 50 mg in 1964 and, in the rape samples, these 
two lipid classes were completely separated. The tri- 
glycerides and free fa t ty  acids in erambe and the 
free sterols and part ial  glycerides in all varieties were 
resolved by TLC. The distribution of lipid classes 
(Table I) showed a marked change as the seeds ma- 
tured. Triglyceride was by far  the main component 
by 20 DAF  and, at matur i ty ,  comprised over 90% 
of the oil. In very immature seed, however, there 
was nearly the same amount of phospholipid p]us 
glycolipid as triglyceride. Also, there was a high con- 
tent of free fa t ty  acid in immature seed, but  this 
disappeared almost completely by maturi ty,  while 
the phospholipid plus glycolipid decreased to between 
1 and 3%. 

The period at approximately 10 DAF appeared to 
be one of great change. Fo r  example, the rape grown 
in 1964 was very  immature at 10 DAF whereas the 
1963 crambe had already passed gross immaturi ty  
by 10 DAF.  Therefore, a separation of classes was 

made, in 1965, of the 7 DAF crambe grown in 1962. 
Although the lipid had been stored for 3 years, there 
was no obvious change in f a t ty  acid composition, thus 
this sample should give a reasonable picture of the 
lipid class distribution in immature crambe seed. The 
lipid from this immature  seed had, like the 10 D A F  
rape, a high content of phospholipid plus glycolipid, 
and a higher free fa t ty  acid and sterol content than 
the more mature  crambe. 

On a weight per  seed basis (Table I I ) ,  the minor 
lipid classes in crambe increased to a maximum at 
about 20 DAF,  in the case of sterol esters, 30 DAF,  
then decreased at greater maturi ty.  Most minor 
classes of both rape varieties reached a maximum at 
30 DAF. Sterol esters, however, increased until  ma- 
tu r i ty  and phospholipids plus glycolipids in Golden 
rape showed no definite trend. 

Separations of Phospholipids and Glycolipids 

In  crambe, the phospholipids plus glycolipid frac- 
tion was characterized by its simplicity. The main 
components were phosphatidyl ethanolamine, phos- 
phatidyl  choline, sterol glycoside, di-galactosyl glyc- 
eride and mono-galactosyl glyceride. Other phospho- 
lipids and glycolipids were present, if at all, in 
quantities too small to be detected. Little change in 
the phospholipids and glyeolipids of crambe was ob. 
served with increasing maturi ty.  

In both rape varieties, a more complex pat tern was 
found (Fig. 1.). Esterified sterol glycoside (12) was 

T A B L E  I I  

Lip id  Content  a n d  Compos i t ion  
Mil l igrams per  100 Seeds  

Seed W e i g h t  Oil Hydro- Sterol  Tri- F ree  Free  Pa r t i a l  Phospho- -}- 
carbon ester glyceride fa t ty  sterols glyceride glyco- 

acid l ipid 

Crambe 
7 DAF  a 210.0 5.9 0.1 0.2 2.0 0.4 0.8 

1O D A F  356.4 42.1 0.1 0.5 35.7 1.0 1.2 
20 D A F  600.0 195.0 1.2 2.3 156.8 6.2 5.5 
30 DAF  728.0 241.7 .1.2 3.6 222.1 3.6 2.7 
Mature  654.0 210.6 0.4 2.7 199.9 0.4 2.3 

Zero-erucie rape 
10 D A F  71.6 1.0 0.03 0.04 0.23 0.16 0.10 
20 D A F  201.0 55.7 0.6 0.9 48.4 0.6 1.0 
30 D A F  375.8 142.4 0.9 1.3 127.9 1.1 1.0 
:~a ture  b 430.0 b 154.0 b 0.2 ~ 1.5 b 145.2 b 0.2 b 1.7 b 

Golden rape  
10 DAF  b 83.0 b 1.3 b 0.01 b 0.05 b 0.59 b 0.22 b 0.09 b 
20 DAF  220.0 63.4 0.8 0.5 52.1 0.6 0.6 
30 D A F  401.6 144.6 0.7 0.3 133.7 1.5 2.0 
Mature  453.6 157.9 0.3 5.4 142.5 0.0 0.8 

0.2 2.2 
2.2 1.5 

11 .5  10.7 
6.3 2.4 
2.5 2.3 

0.12 0.32 
2.1 2.1 
6.1 4.1 
2.6 b 2,3 b 

0.10 b 0.25 b 
2.1 6.7 
3.6 2.8 
4.1 4.7 

a 7 D A F  crambe was g rown in  1962. 
b Based on es t imated  seed w e i g h t  as  in  Table  I .  
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a main component at 10 DAF,  but  was minor at ma- 
turi ty.  Phosphatidyl  ethanolamine and mono- and 
digalactosyl glyceride were main components at both 
10 D AF  and maturi ty.  Phosphatidyl  choline, rela- 
tively minor at 10 DAF,  increased and at matur i ty  
was one of the four major  components. Sterol gly- 
coside, like esterified sterol glycoside, decreased from 
a major to a minor component as the seed matured. 
Small amounts of phosphatidyl inositol and a phos- 
pholipid with some characteristics of phosphatidic 
acid and traces of lyso phosphatidyl ethanolamine 
and an unknown phospholipid were also present. By 
the use of iodine vapor, all samples were shown to 
contain 2 large, but very  faint, low R~ spots. These 
were not made visible by other detecting agents, 
however. 

Sterol Composition 

The sterol composition of both sterol ester and free 
sterol classes of crambe changed little with increasing 
matur i ty  and beta sitosterol was the main component 
amounting to over 60% of the crambe sterols. As the 
seed matured,  free stigmasterol decreased slightly 
and an earlier-appearing, unnkown sterol (U1) in- 
creased slightly. In the sterol esters, campesterol de- 
creased and U1 increased slightly with increasing 
maturi ty.  

Both rape varieties showed more change with in- 
creasing matur i ty  than crambe. Beta sitosterol, the 
major  component, decreased from 76-80% at 10 DA F  
to 55-58% at maturi ty.  Stigmasterol, which was 
present in 10 DAF  seed, disappeared before 30 DAF. 
Campesterol and U1 increased with matur i ty  in both 
sterol esters and free sterols of both rape varieties. 

F a t t y  Acid  Composition of L i p i d  C la s s e s  

Triglycerides were the main component of the oils 
af ter  10 D A F ;  thus, the f a t ty  acid composition of tri- 
glyeeride (Table I I I )  was the determining factor in 
the fa t ty  acid composition of all but  the most imma- 
ture oil. The main fa t ty  acids in crambe were oleic, 
linoleic and erucic, with a decrease in oleie cor- 
responding to the increase in erucic with maturi ty.  
The changes in Golden rape were similar to those of 
crambe although the proportions were different. The 
absence of erucic acid from Zero-erueic rape resulted 
in higher percentages of other acids and this variety 
was characterized by an increase in oleic paralleling 
the increase in erucic and eicosenoic acids in Golden 
rape and crambe. 

On a weight per seed basis, the principal  f a t ty  acids 
of the triglycerides, oleic, linoleic, linolenic and erucic 
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increased steadily to matur i ty  in crambe. In  Golden 
rape, however, erucic acid increased unti l  matur i ty  
whereas the 18-carbon acids increased unti l  30 DAF 
then remained approximately constant. Oleic, linoleic 
and linolenic acids all increased steadily to matur i ty  
in Zero-erueie rape. 

The minor lipid classes differed from triglycerides 
in f a t ty  acid composition and, in general, were more 
saturated (Figs. 2-4).  The part ial  glyeerides and 
sterol esters of crambe and Golden rape contained less 
erucie than the triglycerides. The phospholipids and 
glycolipids in Golden rape were also low in erucic. 
All other lipids classes of crambe and Golden rape 
were higher in palmitic than the triglycerides, and 
there was a slight t rend in this direction in the Zero- 
erucic rape. The free f a t ty  acids showed the greatest 
similarity to the triglycerides. In  all varieties, both 
part ial  glycerides and free f a t ty  acids contained a 
higher percentage of palmitic and stearie acids than 
triglycerides and bSLh these minor classes had the 
same or lower percentages of unsaturated fa t ty  acids 
relative to triglycerides. In  both crambe and Golden 
rape, the phospholipids plus glycolipids were char- 

TABLE I I I  

Fatty Acid Composition 
Trigl:ycerides 

Weight % 

Seed 14:0 15:0 16:0 16 : l  18:0 18:1 18:2 18:3 20:0 20:1 22:1 

Crambe 
10 DAF 0 0 5.3 1.2 2.4 33.9 13.3 7.3 1.1 11.2 24,3 
20 DAF 0 0 2.7 0.3 1.0 16.2 7.3 5,1 0.3 3.4 61.6 
30 I)AF 0 0 3.4 0.6 1.3 20.6 9.3 6.1 0.8 3.0 55.0 
Mature 0 0 2.8 0.5 0.8 16.3 11.0 8.7 0.6 3.5 54.9 

Zero-erucic rape 
10 I)AF 0.8 0.4 13.2 0.8 6.4 9.3 51.6 16.8 0.4 0 O 
20 I)AF 0 0 7.5 0.9 4.3 61.1 19.5 3.6 1.1 1.1 O 
30 DAF O 0 5.7 0.4 3.3 56.2 23.5 8.8 0.7 1.3 0 
Mature O 0 4.3 0.3 2.2 58.3 22.6 10.9 0.6 0.9 0 

Golden rape 
10 I)AF 0.4 0 8.5 1.3 5.1 31.5 29.3 9.2 1.0 6.8 6.7 
20 DAl~ 0 0 5.1 0.5 2.5 25.7 17.8 7.8 1.1 13.1 25,5 
30 DAF 0.3 0 4.2 0.5 1.2 19.3 16.2 10.4 O 11.2 36.7 
Mature O 0 3,4 0 1.4 14.6 14.7 10.3 0.6 10.2 44.8 

Plus traces in some samples of 15:1. 17:0 and 22:0. 
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Fro. 2. F a t t y  acid composition of lipid classes of crambe 
10 I )AF  to matur i ty .  

aeterized by greater  change between 10 D A F  and 
ma tu r i ty  than  were the other l ipid classes. Pahnitie,  
stearie and linolenic acids were higher at 10 DAF,  
oleic and erueie lower, while at  ma tu r i ty  all were 
similar to tr iglycerides in crambe, and all but erucic 
and oleic in Golden rape. The phospholipids and gly- 
eolipids of Zero-erueie showed less change with ma- 
turi ty.  On a weight per  seed basis, the phospholipids 
plus glycolipids reached a maximum at 20 D A F  in 
crambe, 30 DAY in rape. This maximum occurred in 
the absolute amounts  of f a t ty  acids as well, and all 

f a t t y  acids reached a maximum at 20 D A F  in crambe, 
then decreased. A definite max imum occurred at 30 
D A F  in Zero-erucic rape followed by a decrease 
whereas there was a less definite maximum and 
greater  var iabi l i ty  in Golden rape. The absolute 
amounts  of the f a t t y  acids in the other minor classes 
also followed the development of the class and 
reached a max imum at 20 or 30 DAF.  All minor 
f a t t y  acid-containing lipid classes of Zero-erucic rape 
contained small amounts of erucie acid at matur i ty .  
These were not large enough to be detected in the 
whole oil. 

D i s c u s s i o n  
Crambe and both varieties of rape showed great 

s imilari ty in the development of lipid classes. A 
period of great  change was observed at about 10 DAF.  
The rape samples (1964) showed this immatur i ty  at  
10 D A F  but the 10 D A F  crambe (1963) had already 
passed this stage. However, 7 DAY crambe (1962) 
showed the same characteristics of immature  seed ob- 
served in the 10 D A F  rape. Most of the minor lipid 
classes in both crambe and rape increased in ab- 
solute quant i ty  in the seed then decreased. I t  appea r s  
tha t  these classes take par t  in the earlier stages of 
development. 

Wi th in  the lipid classes differences in development 
were noted. A more complex pa t t e rn  of phospholipids 
and glycolipids was found in rape than in crambe 
and there was more change with increasing matur i ty ,  
especially in the esterified sterol glycoside. Also in 
rape, the changes with ma tu r i ty  in sterol-containin[ 
glycolipids paral leled those of the free sterols. The 
sterols, both free and esterified, were again more com- 
plex in rape than  in erambe and showed greater  
change with matur i ty .  This lat ter  difference may  well 
be due, at least in part ,  to the greater  matur i ty  of 
the 10 D A F  crambe seed. 

The development of erucic acid in Golden rape and 
crambe and the corresponding changes :in Zero-erucic 
rape are of major  interest in this type of seed. The 
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FIG. 4. F a t t y  acid composition of lipid classes of Golden 
rape 10 D A F  to matur i ty .  
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erucic acid content was higher in the tr iglyeerides 
and more evenly distr ibuted in all l ipid classes in 
crambe than in Golden rape. In  these seeds, the 
erucic acid appeared  to increase at the expense of the 
oleic acid. Moreover, the changes in the 18-carbon 
acids of Zero-erucie rape were concurrent  with the 
development of erucic and eicosenoic acids in Golden 
rape. The par t ia l  glycerides and free f a t ty  acids 
showed similar t rends in f a t ty  acid composition rela- 
tive to the triglycerides. 

Thus it is shown that  crambe and Golden and Zero- 
erucic rape exhibit great s imilari ty in the develop- 
ment  of lipid classes, but also show characteristic dif- 
ferences within these classes. 
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