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ABSTRACT: 13C nuclear magnetic resonance (NMR) spectro- 
scopic analysis of the whole oil (triacylglycerols) of Biota orien- 
talis seeds confirms the presence of oleate [18:1 (9Z)], linoleate 
[18:2(9Z,12Z)], linolenate I18:3((9Z,12Z,15Z)], 20:3 (5Z,11Z, 
14Z), 20:4(5Z,11Z,14Z,17Z), and saturated fatty acids in the 
acyl groups by comparing the observed carbon shifts with pre- 
viously established shift data for model triacylglycerols. This 
technique shows that the saturated, 20:3 and 20:4 fatty acids 
are distributed mainly in the c(-acyl positions, whereas oleate, 
linoleate, and linolenate are randomly acylated to the ix- and [3- 
positions of the glycerol "backbone." Stereospecific hydrolysis 
of the Biota oil with pancreatic lipase, followed by chromato- 
graphic analysis of fatty esters, reveals the presence of trace 
amounts of 16:0(0.7%), 18:0(0.5%), 20:3 (0.4%), and 20:4 
(1.3%) in the [3-position of the glycerol "backbone," which are 
undetectable by 13C NMR technique on the whole oil. Semi- 
quantitative assessment of the uC NMR signal intensities gives 
the relative percentages of the fatty acid distribution as: satu- 
rated 16:0, 18:0 (12.0% a-acyl), oleate (7.7% a-acyl 8.7 % [3- 
acyl), total linoleate and linolenate (31.7% a-acyl; 24.2% [3- 
acyl), total 20:3 and 20:4 (15.7% @-acyl). The ~3C NMR spec- 
troscopic analysis of carrot seed oil identifies the presence of 
saturated (18:0), 18:1(6Z), 18:1(9Z), and 18:2(9Z,12Z). The sat- 
urated fatty acid is found in the a-acyl positions. Semi-quantita- 
tive assessment of the signal intensities gives the relative per- 
centages of the fatty acids as: 18:0 (4.5% a-acyl), 18:1(6Z) 
(49.6% @-acyl; 19.7% [3-acyl), oleate (6.5% ct-acyl; 8.6% [3- 
acyl) and linoleate (5.2% a-acyl; 6.9% [3-acyl). 
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rated, olefinic, acetylenic, and polyunsaturated acyl groups 
(2-5). This technique permits the elucidation of the distribu- 
tion of the different acyl groups on the glycerol "backbone" 
and the position of the unsaturated center(s) in the acyl groups 
of a triacylglycerol. In this paper we describe the results ob- 
tained by t3C NMR analysis of Biota orientalis (6) and carrot 
(Daucus carota) seed oil. The main objectives of this project 
were (i) to reconfirm the presence of the reported fatty acids 
in Biota seed oil, (ii) to identify and semi-quantitate the fatty 
acids in carrot seed oil, and (iii) to determine the fatty acid 
distribution on the glycerol "backbone" of both oils. 

EXPERIMENTAL PROCEDURES 

Materials. Biota orientalis (also known as Platycladus orien- 
talis, Thuja orientalis, or Arbor vitae) seeds were purchased 
from herbal shops in Guangzhou (China). This seed is used 
in traditional Chinese herbal treatment. Carrot seeds were 
purchased locally from vegetable seed suppliers. 

Methods. Oil (1.0 g), isolated from the seeds by solvent 
extraction, was percolated through a silica gel (15 g) column 
with a mixture of petroleum ether (b.p. 40-60~ and diethyl 
ether (95:5, vol/vol, 150 mL) as eluent. The eluate was evap- 
orated under reduced pressure to give a mixture of triacyl- 
glycerols (0.85 g). The ~3C NMR spectroscopic analysis was 
recorded in deuterated chloroform on a JEOL GSX-270 spec- 
trometer (Tokyo, Japan) (4).The fatty acid composition of the 
same sample of oil was determined by gas-liquid chromato- 
graphic (GLC) analysis as described elsewhere (7), and stere- 
ospecific hydrolysis of triacylglycerols with pancreatic li- 
pases was performed according to the method reported by 
Luddy et al. (8). 

Applications of "C nuclear magnetic resonance (NMR) spec- 
troscopy to the structural elucidation of butterfat, vegetable 
oils, fish oils, animal fats, and partially hydrogenated veg- 
etable oils recently have been reviewed by Gunstone (1). We 
have reported the '3C NMR spectroscopic properties of over 
70 synthetic triacylglycerol molecules that contained satu- 
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RESULTS A N D  D I S C U S S I O N  

"C NMR analysis o f  the seed oil of Biota orientalis. The ~3C 
NMR spectrum of the triacylglycerol fraction of B. orientalis 
seed oil shows more than 80 signals. For convenience, we ab- 
breviate a saturated acyl group as Sat, oleate [18:1(9Z)] 
[ 18:1 (9Z)--the first number denotes the number of carbon 
atoms in the fatty acid chain; the number after the colon indi- 
cates the number of unsaturated centers; the number within 
the bracket gives the position of the unsaturated center, and 
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the letter describes the type of unsaturation, where Z stands 
for cis-double bond] as O, linoleate [18:l(9Z,12Z)] as L, 
linolenate [18:3(9Z,12Z,15Z)] as Ln, 20:3(5Z,11Z,14Z) as 
20:3, and 20:4(5Z,11Z,14Z,17Z)] as 20:4. Triacylglycerol mol- 
ecules are described by using either a combination of letters 
(e.g., LLL for trilinolein) or by using the abbreviated struc- 
tures of the fatty acid {e.g., [18:1(9Z)] 3 for triolein}. The fatty 
acid composition by GLC analysis of the sample of B. orien- 
talis oil used in the ~3C NMR analysis is as follows: 16:0 
(5.0%), 18:0 (3.9%), 18:1(9Z) (12.8%), 18:2(9Z,12Z) (24.7%), 
18:3(9Z,12Z,15Z) (32.3%), 20:0 (trace), 20 : l ( l lZ)  (0.6%), 
20:2 (5Z,11Z) (0.9%), 20:2(llZ,14Z) (0.9%), 20:3(5Z,11Z, 
14Z) (4.5%), 20:3 (llZ,14Z,17Z) (0.6%) and 20:4(5Z,11Z, 
14Z,17Z) (10.2%), which is comparable to results reported 
earlier (6). 

There are four regions in the spectrum that provide 
essential information regarding the structure of the acyl 
groups and their distribution on the glycerol backbone of tria- 
cylglycerols present in seed oils. These regions are: (i) the C- 
1 carbon shift region (ca. 174 ppm); (ii) the C-2 carbon shift 
region (ca. 34 ppm); (iii) the C-3 (ca. 24 ppm), allylic (20-27 
ppm), c01 (ca. 14 ppm), c02 (ca. 22 ppm) and o~3 (ca. 31 ppm) 
carbon shift regions; and (iv) the olefinic carbon shift region 
(127-132 ppm). 

The C-1 carbon shift region (ca. 174 ppm). The C-1 car- 
bon shift region of the spectrum shows six distinct signals at 
172.791, 172.803, 173.050, 173.192, 173.204, and 173.233 

ppm. Referring to the shift data observed for the C-1 carbon 
atoms of triacylglycerols of type AAA [containing saturated, 
oleate, linoleate, linolenate, and other polyunsaturated acyl 
groups (2,4,5)], four of the six signals can be paired, viz., 
173.192/172.791 and 173.204/172.803 ppm, with a shift dif- 
ference value of 0.401 ppm. The remaining two individual 
signals appear at 173.050 and 173.233 ppm. From the estab- 
lished shift data for LLL, LnLnLn and OOO (5), the first pair 
of signals at 173.192/172.791 ppm can be assigned to the 
shifts of the C-1 carbon atoms of L and Ln in the ct- and [3- 
acyl chains. The second pair of signals at 173.204/172.803 
ppm arises from the shifts of the C- 1 carbon atoms of O in the 
co- and ~-acyl chains. The signal at 173.050 ppm is character- 
istic of the shift of the C-1 carbon atom of an acyl chain con- 
taining a (5Z)-olefinic system (i.e., 20:3 and 20:4). The re- 
maining signal in this region at 173.233 ppm is due to the C-1 
carbon shifts of a saturated acyl group in the oc-acyl positions 
(2). From these results, Sat, 20:3 and 20:4 are found to be dis- 
tributed in the ct-acyl positions of the glycerol "backbone," 
while O, L, and Ln are distributed between the oc- and ~-acyl 
positions. The assignment of the shifts of the C-1 carbon 
atoms and their intensities are summarized in Table 1. 

The C-2 carbon shift region (ca. 34 ppm). Four signals ap- 
pear in this region, viz., 34.188, 34.052, 34.023, and 33.428 
ppm. The signals at 34.023 and 34.188 ppm can be paired 
(shift difference of 0.165 ppm). These shifts are due to the C-2 
carbon atoms of unsaturated acyl groups (O, L, and Ln) in the 

TABLE 1 
Chemical Shifts (ppm) of C-1, C-2, C-3, Allylic, (o3, o)2, (ol Carbon Atoms of Biota orientalis Seed Oil" 

Carbon nucleus Carbon shifts (ppm) Assignments 

C-1 173.192/172.791 L and Ln (cc,13) 
173.204/172.803 O (@,[~) 

173.050 20:3 and 20:4 (~) 
173.233 Sat (~) 

C-2 34.023/34.188 L, Ln and O ((z,I]) 
33.428 20:3 and 20:4 (~) 
34.052 Sat (@) 

C-3 24.888 L, Ln, O (13) and Sat ((z) 
24.853 L, Ln and O (~) 
24.813 20:3, 20:4 (c~) 

Allylic 27.244 C-11 of O 
27.223, 27.211, 27.192 C-8 of O, L, Ln and C-16 of 20:3 

27.157, 27.145 C-10 and 0 7  of 20:3 and 20:4 
26.522 C-4 of 20:3 and 20:4 

25.651, 25.643.25.637 C-11 of L, Ln and C-13 of 20:3, 20:4 
25.549 C-14 of Ln and C-16 of 20:4 
20.574 O17 of Ln and C-19 of 20:4 

(o3 31.963 Sat 
31.942 O 
31.554 L, 20:3 

o)2 22.727 Sat 
22.718 O 
22.609 L, 20:3 

0)1 14.298 Ln, 20:3 
14.138 O, Sat 
14.097 L, 20:3 

aSat = saturated, O = oleate, L = linoleate, Ln = linolenate, 20:3 = 20:3(5Z,11-7,14Z), 20:4 = 20:4(5Z,11Z,14Z,17Z). 
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cx- and ~-acyl positions. Referring to the spectra of [20:3] 3 and 
[20:4] 3, reported elsewhere (5), we have found that the shifts 
of the C-2 carbon atoms in the ~ - a c y l  positions of these tri- 
acylglycerols appear at ca. 33.4 ppm. The signal at 33.428 
ppm in the spectrum of the Biota seed oil is therefore associ- 
ated with the shift of the C-2 of 20:3 and 20:4 in the ct-acyl 
positions. The remaining signal at 34.052 ppm agrees with 
the shift of the C-2 carbon atoms of Sat in the ct-acyl position 
(2). From the shifts of the signals in the C-2 region of the 
spectrum, we are able to confirm that the 20:3, 20:4, and Sat 
acyl chains occupy the o~-acyl positions of the glycerol "back- 
bone." The assignment of these four signals are shown in 
Table 1. 

The C-3, allylic, 0)3, o92, and o91 carbon shift regions. The 
assignment of the multitude of signals in these regions is 
much more difficult than for the two regions discussed above. 
However, because we have presumed that the fatty acid com- 
position of Biota oil is known, most of the signals can be as- 
signed or used to reconfirm the presence of the particular fatty 
acids present (Table 1). There are three signals in the C-3 re- 
gion (ca. 24 ppm). From the shift data established for the 
shifts of C-3 carbon atoms of triacylglycerols of type AAA 
containing Sat, L, Ln, or O, the intense signal at 24.888 ppm 
is assigned to the shifts of the C-3 carbon atoms of L, Ln, and 
O in the ~-acyl chain and that of the C-3 carbon atoms of Sat 
in the cx-acyl chains. The other intense signal at 24.853 ppm 
is characteristic of the shifts of the C-3 carbon atoms of L, 
Ln, and O in the ot-acyl chains. The remaining and less in- 
tense signal at 24.813 ppm is characteristic of the shift of the 
C-3 carbon atom of an acyl group with a A 5 double bond (i.e., 
arising from 20:3 and 20:4 in this case) in the ct-acyl position. 

Twelve signals appear in the allylic region (20-27 ppm). 
Because no signal is found in the region of ca. 32 ppm, the 
presence of (E)-ethylenic systems in the seed oil can be ruled 
out. The signal at 27.244 ppm is due to the shift of the C- 11 
carbon atom of O. The signals at 27.223, 27.211, and 27.192 
ppm are recognized as the shifts arising from the C-8 carbon 
atoms of O, L, Ln, and C-16 of 20:3. The shifts of the C-7 and 
C-10 carbon atoms of 20:3 and 20:4 are found at 27.145 and 
27.157 ppm, respectively. These latter assignments are sup- 
ported by shift data recorded for the C-7 and C-10 carbon 
atoms of the triacylglycerol [20:3] 3, where these signals ap- 
pear at 27.148 (C-7) and 27.161 (C-10) ppm (5). The signal 
at 26.522 ppm is characteristic of the shift of the C-4 carbon 
atom of 20:3 or 20:4, which contains a ASdouble bond. The 
shifts of the C- 11 carbon atom of L, Ln, and C- 13 of 20:3 and 
20:4 are found at 25.651, 25.643, and 25.637 ppm but cannot 
be further differentiated. The signal at 25.549 ppm arises 
from the shifts of the C-14 carbon atom of Ln and that of C- 
16 of 20:4. The signal at 20.574 ppm is characteristic of the 
shift of the C-17 of Ln and that of C-19 of 20:4. 

The carbon chemical shifts of the 031 (methyl), 032, and 033 
carbon atoms appear all as single signals and are not paired. 
Referring to the results obtained for the mixed triacylglycerol 
[18:0/18:2(9Z,12Z)/18: l(9Z)] (5), we have noticed the gen- 
eral trend for the shifts of 033 carbon nuclei, which follow a 

deshielding order: Sat (31.976 ppm) > O (31.954 ppm) > L 
(31.567 ppm). This trend is also true for 032 carbon atoms of 
Sat, O, and L. With these shift trends in mind, we are able to 
assign the signal at 31.963 ppm as arising from the shift of 
the 033 of Sat, while the signal at 31.942 ppm is due to the 
shift of the 033 of O. The remaining 033 carbon signal at 
31.554 ppm is due to the shift of 033 of L and 20:3. The as- 
signments of the shifts of the 032 and 031 carbon atoms are 
similarly performed by referring to the established data from 
our previous studies of the corresponding unsaturated triacyl- 
glycerols (4,5). The results are summarized in Table 1. 

The olefinic carbon shift region (ca. 127-132 ppm). There 
are 35 signals in this region of the spectrum. All of these sig- 
nals can be assigned by referring to data established for the 
unsaturated triacylglycerols (4,5). The results are summarized 
in Table 2. The olefinic carbon atoms of 20:3 and 20:4 give 
only single signals in the spectrum, which supports our above 
findings that these polyunsaturated (20:3 and 20:4) acyl 
chains are found only in the ct-acyl positions of the glycerol 
"backbone." The olefinic carbon atoms of Ln (except for 
C-16) appear in pairs and are readily assigned (Table 2). For 
instance, the pair of signals at 130.207/130.183 ppm are due 
to the shifts of the C-9 carbon atoms of Ln in the cx- and ~- 
acyl chains, where the shift difference of 0.024 ppm agrees 
with that found for LnLnLn (difference value 0.026 ppm) (5). 
For L and O, the olefinic carbon atoms also give rise to pairs 
of signals. These results indicate that O, L, and Ln are distrib- 
uted between the ~- and the I]-acyl positions of the glycerol 
"backbone." 

We can conclude from this study of the ~3C NMR spectral 
analysis of the seed oil of B. orientalis that Sat, 20:3, and 20:4 
are located mainly in the ~x-acyl positions of the triacylglyc- 
erol, whereas oleate (O), linoleate (L), and linolenate (Ln) are 
distributed between the cx- and ~-acyl positions of the glyc- 
erol "backbone." From the intensities of the signals, it appears 
that O, L, and Ln are about equally distributed between the 
ct- and ~-acyl positions of the triacylglycerols. To lend sup- 
port to our conclusion, the stereospecific hydrolysis of Biota 
oil with pancreatic lipase has been performed. GLC analysis 
of the fatty esters obtained after interesterification of the iso- 
lated sn-2-mono-acylglycerol shows the following fatty acid 
composition: 16:0 (0.7%), 18:0 (0.5%), 18:1(24.2%),  
18:2(44.5%), 18:3(28.3%), 20:3(0.4%), and 20:4(1.4%). De- 
spite the relatively small amounts of 20:3 and 20:4 revealed in 
this analysis, the '3C NMR technique remains a reasonably 
reliable method for providing insight into the types of fatty 
acids and their distribution in the whole oil. 

Semi-quantitative analysis of the fatty acid content and acyl 
distribution. By taking into consideration the intensities of the 
signals in the ~3C NMR spectrum, Gunstone has shown that it 
is possible to estimate semi-quantitatively the relative quanti- 
ties of fatty acids present in a seed oil (9). By considering the 
intensities of the signals in the C- 1 region of the spectrum, the 
relative percentages and their distribution of the fatty acids 
are: saturated (12.0% ot-acyl), oleate (7.7% cx-acyl; 8.7% 
[~-acyl), total linoleate and linolenate (31.7% ~-acyl; 24.2% 
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TABLE 2 
Assignment of the Olefinic Carbon Signals in the 13C NMR Spectrum of Biota orientalis Seed Oil a 

Acyl Carbon Chemical Acyl Carbon Chemical 
group nucleus shift (ppm) group nucleus shift (ppm) 

20:4(00 C-18 131.933 Ln (c~,13) C-16 131.924 
C-6 131.029 C-9 130.207/130.183 
C-11 130.108 C-13 128.291/128.301 
C-5 128.365 C-12 128.247/128.234 
C-14 128.229 C-10 127.783/127.802 
C-12 127.828 C-15 127.147/127.140 
C-15,C-17 Overlapped 

20:3(00 C-6 131.048 Ln (0t,13) C-13 130.189/130.197 
C-11 129.886 C-9 129.986/129.961 
C-5 128.349 C-10 128.096/128.114 
C-12 128.168 C-12 127.930/127.919 
C-14 127.913 
C-15 Overlapped 

O (o~,l~) C-10 130.011/130.026 
C-9 129.714/129.689 

aSee Table 1 for abbreviations. 

~-acyl), total 20:3 and 20:4 (15.7% o~-acyl). These values are 
comparable to those obtained by GLC analysis. 

"C NMR analysis of carrot seed oil. In this part of our 
study, we presume that the fatty acid composition of carrot 
seed oil is not known to us. The aim therefore is to apply the 
results of the ~3C NMR results reported earlier (2,4,5) to de- 
termine the fatty acid composition and the distribution of the 
fatty acids in the a-  or I~-position of the triacylglycerol "back- 
bone." In this exercise, we shall identify the position of the 
unsaturated center(s) in the acyl chains and semi-quantitate 
the relative amount of each fatty acid present in the oil. The 
spectrum of carrot seed oil shows about 50 signals. A general 
inspection of the spectrum indicates that the oil (triacylglyc- 
erols) is made up of saturated and (Z)-olefinic fatty acids only. 
There are no signals in the region of ca. 32 ppm, which rules 
out the presence of (E)-olefinic bonds. 

The C-1 and C-2 shift regions. There are seven signals in 
the C-1 region (ca. 174 ppm); six of them can be paired: 
173.210/172.809 (shift difference 0.401), 173.201/172.799 
(shift difference 0.402), and 173.098/172.701 (shift differ- 
ence 0.397) ppm as arising from the shifts of the C-1 carbon 
atoms of unsaturated long-chain acyl groups in the a-  and 13- 
positions. The single signal at 173.243 ppm corresponds to 
the shift of the C-1 carbon atom of Sat in the t~-acyl chain (2). 
Referring to the shift values of the C-1 carbon atoms of the 
(Z)-olefinic triacylglycerols of type AAA (4), the first pair of 
signals at 173.210/172.809 is due to the C-1 shift of a possi- 
ble A 8 or A 9 mono-(Z)-olefinic positional isomer. The second 
pair of  signals at 173.201/172.799 ppm with a shift differ- 
ence of 0.402 ppm is characteristic of the shift of the C-1 car- 
bon atoms of linoleate (L) in the ~- and ~-acyl positions, re- 
spectively. The ability to differentiate the first from the sec- 
ond pair of signals is substantiated from our published results 
of the mixed unsaturated triacylglycerols (5). The third pair 
of signals at 173.098/172.701 ppm (shift difference of 0.397 
ppm) is close to the carbon shifts of the C-1 carbon of a (Z)- 

monoethylenic acyl group in the a -  and 13-position with the 
double bond located at the A 5, A 6, or A 7 position of the chain 
(4). From the analysis of the C- 1 carbon shift region, we have 
therefore been able to show that the saturated acyl chains are 
located in the a-positions only, whereas the mono-olefinic 
acyl groups and linoleate are distributed in the a -  and ~-posi- 
tions. It remains for us to determine the position of the unsat- 
urated centers of the mono-olefinic acyl groups. 

There are five signals in the C-2 shift region. The signals 
at 34.038 and 34.202 ppm are characteristic of the shifts of 
the C-2 carbon atoms of a A 8 or A 9 monounsaturated acyl 
group and linoleate (L) in the a -  and ~-acyl positions, respec- 
tively. The signal at 34.048 ppm can be assigned to the shift 
of the C-2 of Sat in the t~-position, which supports our earlier 
deduction. The remaining pair of signals at 33.945/34.104 
ppm (with a shift difference of 0.159 ppm) corresponds to the 
shifts of the C-2 carbon atoms of (Z)-unsaturated acyl groups 
with a double bond at either the A6or AT position. This result 
eliminates the possibility of the presence of a A 5 isomer be- 
cause the recorded shift difference value for the C-2 carbon 
shifts of [14: l(5Z)] 3 is 0.188 ppm (4). The assignment of the 
C-1 and C-2 carbon signals and their intensities are given in 
Table 3. 

The olefinic carbon shift region. The olefinic region of the 
spectrum shows eight pairs of signals. The four pairs of sig- 
nals at 127.926/127.916, 128.111/128.093, 129.984/129.959, 
and 130.190/130.197 ppm are characteristic of the shifts of 
the C-10, C-12, C-9 and C-13 carbon atoms, respectively, of 
linoleate (L) in the a -  and ~-acyl positions, which match 
closely the corresponding signal recorded for LLL (5). 

The two pairs of signals of about equal intensity at 129.710/ 
129.684 (shift difference of 0.026) and 130.0091130.02 (differ- 
ence of 0.014) match more closely the shift data recorded for 
the C-9 and C-10 olefinic carbon atoms of triolein (OOO) than 
those recorded for the C-8 and C-9 olefinic carbon of [17:1 
(8Z)] 3 (4). The Agposition of the olefinic center is confirmed by 
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TABLE 3 
Chemical Shift Values (ppm) of Carbon Atoms of Carrot Seed Oil 

Carbon Chemical shifts 
Acyl group nucleus (ppm) (et,~) 

Shift difference 

Calc. Ref. Intensity 

Sat C-1 173.243(~t) 
O C-1 173.210/172.809 
L C-1 173.201/172.799 

A 6 C-1 173.098/172.701 

O and L C-2 34.202(13) 
Sat C-2 34.048(ct) 

O and L C-2 34.038(ct) 
A 6 0 2  33.945/34.104 

(C=C) 
O C-10 130.009/130.023 

C-9 129.710/129.684 

(C=C) 
A 6 

(C=C) 
L 

C-7 130.549/130.557 d 
C-6 128.949/128.936 d 

C-13 130.190/130.197 
C-9 129.984/129.959 
C-10 128.111/128.093 
C-12 127.926/127.916 

(Allylic) 
A 6 C-8, C-5 27.297 and 26.834 
O C-11, C-8 27.262 and 27.208 
L C-8, C-14 27.237 and 27.225 
L C-11 25.661 

A 6 C-16 31.979 
O, Sat C-16 31.960 

L C-16 31.572 

A 6 C-17 22.739 
O, Sat C-17 22.730 

L C-17 22.622 

A 6, Sat, O C-18 14.146 
L C-18 14.099 

E 

0.401 
0.402 
0.397 

0.159 

0.014 
0.026 

0.008 
0.013 

0.007 
0.025 
0.018 
0.010 

E 

m 

m 

0.401 a 
0 . 4 0 0  b 

0.401 b 

0.159 c 

0.015 a 
0.027 a 

0.006 c 
0.011 c 

0.008 b 
0.026 b 
0.019 b 
0.012 b 

3.335 
6.249/8.230 
5.021/6.653 

47.637/19.012 

5.126 
3.342 
4.885 

26.308/10.073 

12.560/15.243 
12.156/15.590 

100.000/44.116 
99.018/39.436 

16.532/18.188 
13.136/13.661 
12.382/14.098 
14.602/17.163 

47.760 and 42.711 
11.401 and 10.646 
17.605 and 11.785 

23.028 

87.631 
17.417 
16.227 

91.900 
21.161 
14.257 

77.987 
11.719 

aShift difference from 000 (4). See Table 1 for abbreviations. 
bshiff difference from LLL (5). 
CShift difference from 115.1 (62)] 3 (4). 
dValues reported for [18:1(62)13 by Mallet etaL (10) are 130.58 (C-7) and 128.99 (C-6). 

examining the difference value of  the shifts of  the olefinic car- 
bon atoms in the same acyl chain, i.e., 130.009 - 129.710 = 
0.299 (@-acyl) and 130.023 - 129.684 = 0.339 ppm (~-acyl).  
These difference values match the establ ished values (0.294 
and 0.336 ppm) for the difference in shift values of  the C-9 
and C-10 carbon atoms in the same acyl  chain of  tr iolein 
(OOO) (4). To exclude the possibi l i ty of  the presence of  a A ~ 
isomer, the recorded shift difference values between the C-8 
and C-9 carbon atoms in the same acyl  chain of [17: l(8Z)] 3 
are 0.515 ((x-acyi) and 0.562 (~-acyl), which are significantly 
different from the observed shift difference values in the spec- 
trum of  the carrot seed oil. It can therefore be concluded that 
one of  the (Z)-olefinic isomers is oleate (O). 

There are two intense pairs of  signals of  about equal inten- 
sity at 128.949/128.936 (difference of  0.013) and 130.549/ 
130.557 (difference of  0.008) ppm. The difference of  these 
olefinic carbon shift values in the same acyl chains are 

130.549 - 128.949 = 1.600 (ct-acyl chain) and 130.557 - 
128.936 = 1.621 (I3-acyl chain) ppm. From the establ ished 
shift data for the (Z)-olefinic triacylglycerols of  type A A A  (4), 
these two pairs of signals can result only from the shifts of  the 
olefinic carbon atoms of  a (6Z)-isomer. We are therefore able 
to identify the presence of  a long-chain (6Z)-olefinic acyl 
group in carrot seed oil, which we presume to be 18:1 (6Z). The 
results of  the shifts of  the olefinic carbon atoms are given in 
Table 3. From the olefinic carbon region of  the spectrum, we 
confi rm the presence of  O, L, and a (6Z)-monounsaturated 
fatty acid in the triacylglycerol molecules. 

The al lyl ic ,  tol ,  0)2, and (o3 regions.  The presence of  
linoleate (L) is further confirmed by the signal at 25.661 ppm 
for the shift of  the C- 11 carbon atom and also from the char- 
acterist ic  signals at 14.099 (o)1), 22.622 ((o2), and 31.572 
(0)3) ppm. This oil does not seem to contain any l inolenate 
(Ln) groups because  the related carbon shifts for the triene 
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system are absent. Because there are only three olefinic acyl 
groups present in this seed oil, viz., O, L, and a (6Z)-isomer, 
the allylic carbon shift region is relatively simple compared 
with that of the B. orientalis seed oil. There are seven allylic 
carbon signals in the spectrum of the carrot seed oil. The sig- 
nals at 27.297 and 26.834 ppm are characteristic of the shifts 
of the C-8 and C-5 of the (6Z)-isomer, respectively. The sig- 
nals at 27.208 and 27.262 ppm are due to the shifts of C-8 and 
C-11 of oleate (O), respectively. The remaining three signals 
at 27.237, 27.225, and 25.661 ppm are due to the shifts of C- 
14, C-8, and C-11 of linoleate (L), respectively. The co3, (o2, 
and col carbon signals are readily assigned as summarized in 
Table 3. 

We conclude from this study that carrot seed oil is com- 
posed of Sat, a large amount of a (6Z)-isomer, presumably 
18:1(6Z), oleate (O), and linoleate (L). To determine the 
chainlength of the (6Z)-unsaturated isomer, it would be nec- 
essary to resort to GC analysis of the methyl ester derivatives 
of the fatty acids. 

Semi-quantitative analysis o f  the fatty acid content and 
acyl distribution. The signals for the C-1 carbon atoms of Sat, 
O, L, and the (6Z)-isomer are fully resolved. From the inten- 
sities of the C-I signals, the relative percentages and the dis- 
tribution of the fatty acids are found as: saturated (3.5%, 
ct-acyl), oleate (6.5% t~-acyl; 8.6% ~-acyl), linoleate (5.2% 
c~-acyl; 6.9% 13-acyl), (6Z)-isomer (49.6% ct-acyl; 19.7% 
13-acyl). Analysis of the methyl esters of carrot seed oil by 
gas-liquid chromatography (on OV- 101) gave the following 
results: Sat (18:0) = 4.5%, L = 12.5%, mixture of oleate and 
18: I(6Z) = 83.0% Methyl oleate and the methyl ester of the 
(6Z)-isomer are not separated by GLC on OV-101 stationary 
phase, which indicates that the (6Z)-isomer is a positional iso- 
mer of l 8:1. The overall results obtained by ~3C NMR spec- 
troscopy and gas-liquid chromatography for the fatty acid 
components are comparable. ~3C NMR spectroscopy is able to 
characterize the various fatty acids and indicate the relative 
amount present in the ct- and ~-acyl positions of the glycerol 
"backbone." 
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