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lactic acid. The esterification of 3 moles reagent 
grade lactic acid with 2 moles glycerol yielded a mix- 
ture of glycerol lactates that were added to shorten- 
ing on the basis of their  saponification equivalent. 
Reagent grade lactic acid was also added to shorten- 
ing in relation to the lot analysis. The results show 
in Table I. 

Precision. The estimation of precision given in 
Table I I  was obtained from ten W I C L A  determina- 
tions on a commercial laetylated shortening. 

Determination of Similar Acids. As new fat  emulsi- 
fiers which contain low tool wt hydroxylated acids 
appear  and require analysis, the present method might 

be adapted for this purpose. For  instance, in a pre- 
l iminary experiment, 012% citric acid in shortening 
has been eluted qualitatively from this system by a 
mixture of 55 volumes n-butanol and 45 volumes 
chloroform. 
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Abstract 
Analysis of seed oils from 29 species of the 

family Boraginaeeae revealed widespread occur- 
rence of 6,9,12-oetadecatrienoic and C,s noncon- 
jugated tetraenoic acids in addition to linolenic 
and other common C16 and C,s acids. The 6,9,12- 
oetadecatrienoic acid ranged in amount from 
0-27%, tetraene from 0-17%, and linolenic acid 
from 0.3-50%. iodine values of the oils ranged 
from 88-225. 

Introduction 
NALYSIS of seed oils from an extensive sampling 
of the plant  kingdom reveals that  the family 

Boraginaceae is unique in the f requency with which 
nonconjugated tetraenoie acids occur. In  the first 
paper (2) f rom this continuing program two species 
in the family were reported to contain small amounts 
of tetraene on the basis of ultraviolet absorption 
after  isomerization by alkali. In  later  samples, oil 
was analyzed by gas-liquid chromatography (GLC),  
and the tetraene was identified as an 18-carbon acid. 
Fur thermore,  the trienoie fraction was shown to in- 
clude two components. One had the equivalent chain 
length (ECL)  of the usual linolenic acid and the 
other the ECL of the 6,9,12 isomer (4), long known 
only in oil f rom the genus Oenothera, family Ona- 
graceae but  recently reported from Humulus lupulus, 
family Moraceae (5). The tetraenoic acid has been 
identified as 6,9,12,15-oetadecatetraenoic acid in oils 
f rom Echium plantagineum (6) and Onosmodium 
occidentale (1), and our GLC identification of the 
6,9,12-octadecatrienoie acid has been confirmed. 

This paper contains the analyses of seeds and oils 
f rom 29 species in the borage family. 

Materials and Methods 
The plant family Boraginaceae includes some 100 

genera and 2000 species, mostly herbaceous and often 
perennial. There are five subfamilies, one of which 
is divided into five tribes (7). Four  of the sub- 
families and all five tribes are represented in this 
paper. Numerous species are grown as ornamentals, 
but we do not know of any studies directed toward 

1 A laboratory of the No. Utiliz. Res. and Dev. Div., ARS, USDA. 
2 A division of ARS, USDA. 

large-scale seed production for industrial  use. Seed 
samples were provided by the U. S. Dept. of Agri- 
culture 's  Crops Res. Div. as obtained by staff botanists 
f rom wild plants, by botanists under  contract in 
various parts  of the world, or by purchase from com- 
merical seed suppliers. 

Seeds were cleaned and analyzed as previously 
described (2). The components analyzed included 
seed plus pericarp in all instances except two, Para- 
cary~tm angustifolium and Lappula redowskii, for  
which seed only was analyzed. Methyl esters were 
prepared from the oils by HCl-catalyzed methan01y- 
sis. 

Each ester preparat ion was analyzed by GLC at 
least three times in equipment described previously 
(3).  A rapid exploratory analysis was made in a 
125 x 0.3 em column to ident i fy  the slowest moving 
components. Then each ester preparat ion was analyzed 
on two different columns: a 200 x 0.6 cm glass column 
containing 20% Apiezon L on 60-80 mesh Celite 545 
at 258C with a helium flow of 90 ml/min and a 
200 x 0.6 cm glass column containing 20% LAC-2-R 
446 on the same support  at 196C with flow rate of 
120 ml/min.  In  the polar column the peak of the 
Cls tetraene (ECL 20.1) overlapped the Ceo esters. 
However, in the nonpolar column as operated, the 
Cls tetraene (ECL 17.4) was widely separated from 
the Ceo esters but  coincided with the 6,9,12-triene (4) 
and was not ful ly  separated from the usual Cls un- 
saturates. The percentage of tetraene was determined 
by subtracting the C2o methyl esters (ECL 19.7-20.0) 
f rom the Apiezon L chromatogram from the methyl  
esters in the Ceo region from the LAC-2-R 446 col- 
umn (ECL 20.0-20.4). The percentage of 6,9,12- 
triene (ECL 19.3 LAC-2-R 446 column) was deter- 
mined from the LAC-2-t~ 446 chromatogram w h e r e  
separation was complete. When the nonpolar column 
was operated at 210C with a flow rate of 116 ml/min,  
the peak rePresenting the tetraene and 6,9,12-triene 
was separated from that  of the usual Cls unsaturates 
and the amount agreed with the sum of these two com- 
ponents determined by the procedure described. 

Results and Discussion 
In all but  three of the samples analyzed (Table I ) ,  

GLC shows the presence of C13 tetraene, Cls 6,9,12- 
tricne, or both. The exceptions are Lithospermum 
o~cinale, Ehretia acuminata, and E. aspera, whose 
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TABLE I 

Analytical Data on Boraginaceae Seeds and Oils 

S O C I E T Y  V O L .  4 1  

Seed Anakymis Oil ~o~rtles 

Oll content Protr content Iodine ~fraetlve 
SOUrce Wt/I,~DO, % D.B. ~x6.~5, % D.B. vslue lldr 

g 16:0 18:0 18:1 18:2 

Com~sStlon of k~%h~l Esters, $ 
Other 

�9 e 
18:3 18:~ " �9 18:4 20:i 22:1 eemponents 

CordioideSe 
Cordia obllqua Willd. 59~ ~ 8 88 1.46~0 18 7 45 27 0.5 

Ehretioideae 
Ehretia aeuminato S. Sr. 15 5 ~ 140 1.4758 8 5 18 67 0:7 
Ehzetia ~ ' ~ x b .  28 ~ 119 i, ~90 11 8 25 55 2 

~llo%ropioldese 
Seliotropium europeeum L. 0.8 2~ 21 151 I.~656 7 5 20 69 0.5 

Boreginolde~e 
Cynoglossese 

C~noglossum %mabile S%aps &Drum, 5.5 2~ 18 125 i.~85 I0 2 28 25 4 
C~noglossum officinale L. e5 21 20 128 i.~682 6 1 ~4 26 7 
~ p i c t u m  Solmn4. 25 22 17 II~ i.~668 6 i 47 12 9 
P~recer~um@n~ustifolium Boiss 5.0 51 24 155 I, I~ 6 2 55 25 12 
I~rsc#r~um caelestinum Benth. & HOOk. 5.0 21 19 125 I.~o8~ ii 1 28 28 

E r l t r l e ~ e s e  
Cr~ptantba bradburiene ~yson , 1.9 27 21 166 I.~719 8 2 53 15 21 
C-r~p%sntha en~ustifolis (Tory.) Greene 0.~ 55 26 184 1.47~ 9 5 17 25 90 
i~ppula redowskli (Sornem.) Greene i.i 19 18 204 1.47694 7 5 18 16 52 

Anchuseae 
Anchusa capensis  Thunb. 2.2 29 19 157 1.4695 9 2 24 31 17 
Anchusa h~brida Ten. 6.0 20 20 149 1.4700 i0 2 28 24 15 
Bore~o offlclnalls L. 21 38 21 I~9 1,4680 12 ~ 18 57 0.9 
Symp~ytum officinsle L. .6.e 21 20 162 1.4716 8 2 15 ~) i 

I~ thosperme~e 
Cerin%he mBJor L. 50 2~ 15 127 I,~o8 IO ~ ~I 14 24 
Cerlnthe minor L. 11 10 14 194 1.4756 7 e 1~ ~ 21 ~6 
Lithoeperl~tm apulum Vahl. 5.6 18 12 211 1.4772 6 2 12 17 41 
Lithospermum officlnele L, 1.5 26 21 159 1.4665 6 5 17 73 O.h 
Li%hospermum %enuiflor~m L.f. 4.7 16 20 225 I. 4787 6' 2 19 13 50 
~Itkia sure...._~a Bolss. 16 lO 16 195 1.4743 6 3 16 19 36 
Noltkla coerulea Lehm. 22 I0 9 193 1,4750 6 5 20 18 55 
~OSOtlS S~ivstlC. I'~ffm. 0.6 ~5 17 155 1.4700 8 2 27 26, 15 
Onosm~ sericeu.m Willd. 17 20 19 171 1.4722 8 3 22 31 18 
O~Osmi_ stellulatum @aldst. & KI~. 5.5 25 24 195 1.4748 8 e Ik 21 k l  
Ono~m~lum molle ~/ch~. . ~I I~ 22 18~ 1.%7~7 8 "~ 19 19 24 

Eehle~e 
Eehium i%81icum L.. 6.5 17 16 2Oh I,~759 8 5 17 II 59 
Echlum ~ n e u m  L, ~.~ 30 19 197 I,~756 7 ~ 17 15 

0.I 0 0.I 0.5 2 

0.8 ~ 1 

0 0.2 0 0 0,2 

11 0.7 5 7 8 
6 5 5 8 5 
3 0.2 6 8 7 
6 5 5 6 2 

12 1 4 8 5 

8 10 3 2 0.8 
6 0 0.5 1 

17 1 0 0.5 

10 5 ~ ~ o.20'' 
13 5 
20 0.9 ~ 2 0.9 
27 0.5 e 1 0.5 

0 .4  0.~ 2 0 2 
i ~  8 0.9 0 0.1 

14 1 0 O. 1 
~ o oo o.~ 

o.9 o .2  
I0 16 O. 5 o 5 
Ii 6 0 0 0.6 

12 5 } 0.2 
1 5 0.5 O 0,I 
4 9 0.4 o 0.2  

20 6 3 O 0.i 

8 12 0.8 0 1 
I0 13 0.4 0 0.I 

oils lack both of these components and contain very 
little linolenic acid. Cordia obliqua oil contains 0.1% 
of the 6,9,12-triene but no tetraene, and Heliotrop4um 
europaeum oil contains 0.2% tetraene but no 6,9,12- 
triene. In all other samples the tetraene ranged from 
0.2-17%, and the 6,9,12-triene from 0.4-27%. All 
samples contained linolenic acid, with amount rang- 
ing from 0.3-50%, as well as palmitic, stcaric, oleic, 
and linoleic acids. 

Variability within the family is reflected in iodine 
values (I.V.) ranging from 88-225. Oil from Cordia 
oblique, I.V. 88, contains 70% saturated plus mono- 
enoic acids, whereas Lithospermum tenuiflorum, I.V. 
225, contains 70% Cls trienoic plus tetraenoic acids. 
Variability within the genus Lithospermum, while 
not as great as that within the entire family, is per- 
halos more striking. Whereas the one species men- 
tioned produces oil containing 70% trienoic plus 
tetraenoic acids, another has oil with 73% linoleic 
acid and essentially none of the more highly un- 
saturated acids. Similar variation is exhibited in the 
genus Cerinthe. C. major, I.V. 127, is almost devoid 
of tetraene and 6,9,12-triene, but C. minor, I.V. 194, 
contains significant amounts of both. 

In view of the variation in oil composition within 
the tribe Lithospermeae, subfamily Boraginoideae, 
generalizations regarding composition of the oils of 
the several groups must be considered as preliminary. 
In the present sampling of the family, oils from 
members of tribes Cynoglosseae and Anchuseae con- 
tain more 6,9,12-triene than tetraene; those from 
tribe Eritrichieae have more tetraene than 6,9,12- 
triene; and those from tribe Lithospermeae are vari- 
able. Tribes Cynoglosseae and Anchuseae consistently 
produce some C~e monoenoic acid, while the other 
tribes contain many members devoid of this compo- 
nent. Samples from the subfamilies Cordioidcae, 
Ehretioideae, and Heliotropioideae contain insignifi- 
cant amounts of acids more unsaturated than linoleie. 
In this respect they differ from the subfamily Boragi- 
noidcae, which has only one oil of this type, that 
from Lithospermum officinale. 

Under "Other  Components" in Table I are re- 
ported minor constituents of several types. Included 
are C14:o in 22 samples in amounts up to 0.4%, C16:1 
in 28 samples up to 0.6%, C2o:o in 16 samples up to 
1.3%, C22:9 in 10 samples up to 1.2%, and unidentified 
peaks in 12 samples up to 1.5%. Also included are 
3-5% C2~:o and C24:1 in the three samples of Cynoglos- 
sum and 1.5% of the same acids in the sample of 
Moltkia aurea. 

In addition to data in Table I, results of several 
other tests used routinely in this survey are sum- 
marized here. Qualitative tests for starch in the 
seed and carbonyl components in the oil were nega- 
tive for all samples. IR and UV absorption gave 
no evidence of significant amounts of unusual com- 
ponents. Titration with t tBr  as for oxirane oxygen 
indicated small amounts of reactive materials, but 
the largest amount, in Heliotropium, was only 2.7% 
calculated as Cls acid, and only four contained as 
much as 1%. The identity of the reactive material 
was not investigated. 

Oils with high I.V. should serve as drying oils or 
as raw materials for other applications in which a 
large amount of unsatura~ion is important. The 
6,9,124rienoic and the tetraenoic acids may contribute 
properties to films and reaction products superior to 
those from the usual high-linolenic drying oils. In- 
dications of industrial interest in these oils could 
catalyze a program for selection and development 
of strains suitable for economical production. 
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