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Seeds from 37 species of plants in the family Crueiferae 
were analyzed for oil and protein, and the fatty acid com- 
position of the oils was determined by gas-liquid chromatog- 
raphy. Erueic acid, generally considered characteristic of 
erueifer oils, occurs in about three-fourths of these species in 
amounts ranging from 3 to 59%. Some oils free of erueic ~cid 
contain up to 63% linolenie acid or up to 58% eicosenoic. 

T 
~E CRUCIFERAE (mustard  family)  includes some 
300 genera and  2,500 species of herbs, widely 
dis tr ibuted p r imar i ly  in the cooler regions of 

the nor thern  hemisphere. Well-known representat ives 
are mustard,  radish, rape, and cabbage. The only 
crucifer  oils impor tan t  in commerce are rapeseed and 
mus ta rd  seed oils, which are used p r imar i ly  as edible 
oils but also to some extent in a number  of industr ial  
applications. F a t t y  acid composition has been re- 
por ted for  rapeseed and mustard  seed oils (1,2,6,9) 
and for  about 20 other species in the fami ly  (4,6-9, 
14,15,16). Common constituents in addit ion to the 
usual C~6 and Cls acids are arachidic, behenic, lig- 
noceric, eicosenoie, erucic, and docosadienoic acids. 
Only two species have been reported to contain no 
acids longer than  Cls (4,6,9). 

iKost crucifers were omitted f rom earlier papers  of 
this series (3-5) because the analytical  methods then 
used gave inadequate indication of the chain lengths 
of consti tuent acids. Reliance on such older methods 
is presumably  the reason for  reports  in the l i te ra ture  
of 60% oleic acid in Crambe species (11) and in 
Lepidium satiwtm (16), whereas our present  study, 
utilizing gas-liquid chromatography,  shows significant 
amounts of erucic acid in these oils. 

The genus Lesquerella of this p lant  family  is cov- 
ered in a separate paper.  

Materials and Methods 
Seed procurement ,  analyses, and oil extraction were 

all as previously described (3). 
Methyl  esters were p repared  f rmn 1-g. samples of 

oil by  methano]ysis, with sodium methoxide or hydro- 
gen chloride as catalyst.  Yields of recovered ester 
ranged f rom 88 to 97%. Losses were probably  pa r t l y  
mechanical, which would not alter the composition 
of the recovered portion, and pa r t ly  chenlical, e.g., as 
sodium soaps f rom the reaction of free f a t t y  acids 
with sodium methoxide, which might  cause preferen-  
tial loss of some components. Any  preferent ia l  loss 
f rom these samples is so small that  it would have 
little effect on the analyses for  major  components, but  
might  possibly prevent  detection of some unusual  mi- 
nor constituents. 

The gas chromatographic  analysis was carried out 
with a Burre l l  I<romo-Tog, model K-5, equipped with 
a thermal  conductivi ty detector. All esters were an- 
alyzed twice: Once in a 0 .6x275  cm. co]unto con- 
taining 20% of Apiezon L on the 100- to 150-mesh 
fract ion f rom Celite 545 at 250~ with a helium flow 
rate  of 70 ml . /min . ;  and once in a 0.6 x 200 cm. 
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column containing 20% LAC-2-R 446 on the same 
suppor t  at  210~ with a flow rate  of 40 ml. /min.  
Samples of 5 ~l. were used with the Apiczon L and 
1 or 2 ~1. with the LAC-2-R 446. Data  f rom the two 
columns were used to calculate the oil compositions 
shown in Table I. Acids present  have been identified 
only by chromatographic  characteristics (13). No oils 
showed unusual  inf rared  absorption. Results on two 
different samples of seed are repor ted for  five species: 
Brassica cari~ata, B. ~apus, B. campestris, Crambe 
abyssinica, and Lunaria anmta. Curves in F igure  1 
(A and B) indicate the order of elution and the de- 
gree of separat ion obtained in the analysis of methyl  
esters of Crambe abgssinica oil. 

Results and Discussion 
Seed analyses and oil characterist ics are given in 

Table I along with the chromatographic  analysis of 
the methyl  esters f rom the oils. 

Although erucic acid is generally considered to be 
a characteristic consti tuent of crucifer  oils, it varies 
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FIG. I. Illustration of gas chromatograms of fatty acid methyl 
e s t e r s  f r om Crambe abyssinica oil. A. Ana lys i s  in LAC-2-R 4:46 
column. B. Ana lys i s  in  Apiezon L.  column. 

Ident i f ica t ion  of componen t  peaks :  (1)  C1~ s a t ' d ,  (2) C1~ mono- 
ene, (3) Cls s a t ' d ,  (4) C~s monoene,  (5)  Cls diene, (6) C~s t r iene,  
(7)  C2o s a t ' d ,  (8)  Cm m o n o e n e ,  (9)  C~2 s a t ' d ,  (10) Co monoene,  
(11) C._,_~ diene. 
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widely in amount and is absent f rom some (Table I ) .  
The richest sources of erueic acid among the 42 cru- 
ciferous samples analyzed here are Crambe abyssinica, 
Iberis umbellata, Brassica campe~tris, B. napus, Lu- 
naria annua, Arabis virginica, and Eruca sativa. The 
variation noted by Craig and Wet te r  (2) within 
Brassica campestris is evident in the samples reported 
here since one sample agrees with his results and one 
with other published results (6,9). Many crueifer oils 
contain long-chain acids other than erucic: C2o-satu- 
rated in 35 samples, C2o-monoenoic in 38, Qo-dienoic 
in 27, C2o-trienoie in 11, C22-saturated in 28, C2z-die- 
noic in 10, and C2~-monoenoic in 23. Only two of 
these long-chain acids occur in major  amounts~C2o- 
monoenoie in numerous oils and C24-monoenoic in 
Lunaria annua. 

Our analysis of oil from Tropaeolum majus (garden 
nasturt ium, family Tropaeolaceae) is included, al- 
though it is not a crucifer,  because it is known as a 
rich source of erucic acid. 

Eight  species produce oils containing no erucic acid. 
Six of these however have some other acid in high 
enough concentration to be of potential  industrial  
interest. Oils from five species (Matthiola bicornis, 
Alyssum saxatile, Arabis alpina, Hesperis matro~alis, 
and Lepidium montanum var. angustifolium) are rich 
in linolenic acid and contain no acids longer than Cts 
except for a trace of C2o in the Lepidium. The Hes- 
peris and Matthiola oils are f rom the same seed sam- 
ples as the oils analyzed previously by  other methods 
(4). When allowance is made for  the difference in 
report ing basis ( fa t ty  acid in oil vs. ester in total 
esters), results are within the expected error  of the 
methods. Lobularia maritima produces oil containing 
42% of C2o monoene. The large proport ion of C2o 
monoene does not necessarily preclude formation of 
erucic acid, since Selenia grandis oil contains 58% 
of Czo monoene and also 3% of erucic acid. The re- 
maining erucic-free oils, Capsella bursa-pastoris and 
Nerisyrenia camporum, have no other unusual com- 
positional feature.  

In two instances marked differences are evident be- 
tween species of the same genus. 0ils from Arabis 
alpina and Lepidium montanum are rich in linolenie 
acid and contain no erucic acid. Arabis virginica and 
three species of Lepidium however contain erucic acid 
as well as linolenic acid. An additional instance is 
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Fro. 2. Relation between linolenic acid and acids longer than 
C~s in oils s Crueiferae and Tropaeolum majus. 

indicated by a recent report  (12) that  Matthiola in- 
cana contains erucic acid as a major  component, 
whereas our analyses show no erucic acid in M. 
bicornis. 

Analysis of the oils for  oxirane oxygen by A.O.C.S. 
5[ethod Cd 9-57 indicated traces of apparent  epoxy 
acid in about half  of the samples, but  even the highest 
amount  found (1.3% in Alyssum saxatile) has no 
practical significance. Our sample of Camelina sativa 
oil showed no epoxy acid by t i trat ion with H B r  and 
may differ from the sample in which Gunstone and 
5[orris (8) found a small amount  of epoxy linoleic 
acid. The precision and accuracy of the t i t rat ion 
method in determining traces of epoxy compounds in 
varied natural  oils have not been determined. 

The inverse relation between linolenic and erucic 
acids, noted by Holmberg and Sellman (10), is also 
revealed in this group of crucifer oils but  with in- 
creased variability. The relation between lino]enic 
acid and the total content of acids longer than Cls is 
somewhat closer (Figure  2). Linolenic acid content 
and iodine value are well correlated (Figure  3). Fig- 
ure 2 suggests that the maximum amount of acids 
longer than Cls to be found in Cruciferae oils may 
be about 70%. The parallelism between the upper  
edge of the scatter diagram and the x + y = 100% 
line suggests that  the Cruciferae always synthesize at 
least about 30% of C16 and Cls acids other than ]ino- 
lenic. Analysis of additional species of crucifers may 
reveal exceptions. The Tropaeolum sample indicates 
that  seed oils f rom plants in other families need not 
necessarily follow the same pat tern  as in Cruciferae. 

Few of the species reported here have been grown 
as seed crops in the United States, and little is known 
about potential seed yields or opt imum conditions of 
production. Development of a profitable domestic crop 
from among the species surveyed will require extensive 
s tudy by plant breeders and agronomists. Three spe- 
cies rich in erucie aeid--Crambe abyssinica, Eruca 
sativa, and Raphanus satiwts--were grown at five 
State Agricultural  Exper iment  Stations in 1959 in 
exploratory tests of adaptabil i ty and cultural meth- 
ods. The compositions of the oils obtained showed 
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and Tropaeolum majus. 
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relatively little var ia t ion within species and were in 
exeellent agreement  with the data  in Table I. For  
example, the range of erueic acid content in Crambe 
abyssinica (6 samples, 3 locations) was 56 to 59%, 
in Eruca sativa (6 samples, 3 locations) 42 to 45%, 
and in Raphanus sativus (5 samples, 4 locations) 31 
to 34%. 

Seeds of selected Crueiferae are shown by this sur- 
vey to contain oils which, on the basis of chromato- 
graphic analyses, appear  to be suitable industr ial  
sources of linolenie acid and eieosenoic acid in addi- 
tion to the usual erueie acid. 

Acknowledgments 
The authors are gra tefu l  to C.A. Glass for inf rared  

examination of the oils and to R.L. Cunningham for 
prepara t ion  of methyl  esters. 

REFERENCES 
1. Craig, B.M., Can. J. Teehnol., 34, 335-339 (1956).  
2. Craig, B.M., and Wetter, L.l~., Can. J. Plant  Sci., 39, 437-442 

(1959).  

3. Earle, F.R., Melvin, E.H.. Mason, L.H., VanEtten, C.H., Wolff, 
I.A., and Jones, Quentin, J. Am. Oil Chemists' Sot., 36, 30~t-397 
(1959).  

4. Earle, F.R., ~M:eGuire, T.A.. Mallan, 3ean, Bagby, M.O., Wolff, I.A., 
and Jones, Quentin, J. Am. Oil ('hemisls" Sot.. 37. 48 50 (1960).  

5. Earle, :F.R., Glass, C.A., Geisinger, Glenda, Wolff, I.A., and Jones, 
Quentin, J. Am. Oil 0henlists" Soe., 37. 440 447 (1960).  

6. Eckey, E.'~V., "Vegetable Fats and Oils," New York, Reinhold 
Publishing Company, 1954. 

7. Grynberg, H., Rutkowski. A.. and Szczepanska, H., Fette, Seifen, 
Anstriehmittel, 61, 908 910 (1059).  

8. Gunstone, F.D., and Morris, L.J., J. Chem. Soe., 429, 2127-2132 
(1959).  

9. Hilditch, T.P., "The Chemical Constitution of Natural Fats," 3rd 
ed., New York, John Wiley and Sons, 1956. 

10. Holmberg, J., and Selhnan, G., Svensk Kern. Tidskr., 64, 270-  
279 (1952).  

11. Ivanov,  S., Salehinkin, A.R., and Vorobyev, A.S., Chem. Umschau 
Gebiete Fette, i)le, Waehse, Harze, 37, 249-254 (1930).  C.A. 25, 3858. 

12. Joshi, B.C., and Bhakuni, D.S., Proc. Natl. .4.cad. Sci., India, 
A28, Pt. 4, 190 194 (1959).  C.A. 54, 14735c (1960).  

13. Miwa, T.K., Mikolajezak, K.L., Earle, F.R., and Wolff, I.A., 
A n a l .  Chem. 32, 1739-1742 (1960).  

14. Niewiadomski, It., nrozdowski, B., and Zwierzykowski, W., Fette 
Seifen, Anstrichmittel, 61, 897-899 (1959).  

15. Popov, A., and Mazhdrakov, P., Compt. rend. aead. bulgare sci., 
11, 279-282 (1958).  C.A. 53, 15602e (1959).  

16. Vasudev, Chandra, I., and Handa,  K.L., J. Sci. Ind.  Research 
( India)  15B, 725-726 (1956).  

[ R e c e i v e d  J u n e  7, 1961] 

Dilatometric Properties of Some Glycerides of 

Confectionery Fats I 
W. L A N D M A N N ,  2 N.V. LOVEGREN, and R.O. FEUGE, Southern Regional Research 
Laboratory, 3 New Orleans, Louisiana 

Two triglyeerides, l-oleodistearin and 2-pahnito-oleostea- 
rin, which are components of some confectionery fats, were 
synthesized and their melting behavior and dilatometric 
properties were determined. Expansivities and melting dila- 
tions of the various polymorphie forms were measured. 

1-01eodistearin was found to have two melting points, 30.3 
and 42.1~ while 2-pahnito-oleostearin was found to have 
melting points at 24, 37, and 40.5~ The rates of trans- 
fornlation of the thermodynamically unstable polymorphs 
at temperatures below their melting points were much nmre 
rapid than those for the corresponding 2-oleo isomers 
previously reported. 

Mixtures of 2-oleopalmitostearin with 2-pahnito-oleostea- 
rin and 1-oleodistearin with 2-oleodistearin were examined 
dilatometrieally. In each of these mixtures the components 
apparently do not temper at the same rate to similar poly- 
morphie forms and thus there is sonle degree of incompati- 
bility even though in each of these nfixtures the components 
are positional isonlers. The properties of the intermediate 
melting mixtures are dependent on the method of tempering. 

C 
OCOA BUTTER-LIKE fats  derived f rom domestic 
vegetable oils by processes involving interester-  
ifieation and f rom animal fats  by processes in- 

volving fraet ionat ion should contain sizable propor-  
tions of both 1-oleodistearin and 2-palmito-oleostearin. 
One of these glycerides is the positional isomer of 
2-oleodistearin, and the other is a positional isomer of 
2-oleopalmitostearin. The 2-oleo glycerides comprise 
about 80% of eocoa butter .  Unfor tuna te ly  in neither 
pa i r  of isomers do the members exhibit the same poly- 

1 Presented at the 52nd Annual Meeting of the American Oil Chem- 
ists' Society, St. Louis, Missouri, May 1-3, 1961. 

2Fellow, National Confectioners Association. 
One of the laboratories of the Southern Utilization Research and 

Development Division, Agricultural Research Service, U. S. Department 
of Agriculture. 

morphie behavior (11). The behavior ill nIixtures 
also should be different. Despite the conunml occur- 
rence of the two glycerides, 1-oleodistearin and 2- 
palmito-oleostearin, in fa t  products, there have been 
only a few investigations with the pure  componnds, 
and relat ively little is kuown about their properties.  

The synthesis and purifi,-ation of 1-oleodistearin 
has beeu reported several times (1, 5, 6, 11). Lut ton 
(11) nlade an investigation of polylnorphic behavior 
and found three forms which he called sub-alpha, 
alpha-3, and beta prilne-3. The sub-alpha was claimed 
to exist in modificatious A and B, and it was pre- 
sumed that the sub-alpha t ransformed reversibly to 
the alpha. The alpha-3 and beta prime-3 melted at  
:30.4 and 43.5~ respectively. Appa ren t l y  no one 
has made a dilatolnetric examination of 1-oleodistearin 
or of well-defined mixtures  containing it. 

2-Pahnito-oleostearill also has been prepared  and 
examined by several investigators (4, 9, 11, 13). Lut-  
ton (11) again is the only one who has made a thor- 
ough exaniination of polymorphic behavior. The poly- 
morphs which he found to exhibit melt ing and their 
associated melt ing points were alpha-2, 25.3~ ; sub- 
beta prime-3, 37~ and beta prime-3, 40.2~ The 
a lpha form was found to t r ans form reversibly to 
sub-alpha. The beta prime-3 fornI was obtained f rom 
solvent only. Appa ren t l y  no dilatometric data on 
2-pahnito-oleostearin have been published heretofore. 

The purpose of the present  investigation was to 
determine dilatometric and other propert ies  of 1-oleo- 
distearin and 2-pahlfito-oleostearin and of a simple 
mixture  of each of these eompomlds with its positional 
isomer occurring ill cocoa butter.  


