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constant weight. 

R E S U L T S  A N D  D I S C U S S I O N  

The oil values determined by the oil signal and the solid- 
liquid signal methods, moisture content, and F-factor for 
each sun-dried sample of mustard, sunflower, and soybean 
have been given in Table I. The mean F-factors of these 
crops for their sun-dried seeds are 3.22, 2.87 and 2.98, 
respectively. The correlation in oil values determined by the 
two methods is 98.8% for mustard, 94.5% for sunflower, 
and 93.1% for soybean. It might be possible to improve the 
correlations for sunflower and soybean which have much 
larger seeds than mustard by analyzing larger samples of ca. 
5 g in weight which would provide a more representative 
sample. This could be achieved by using an NMR probe 
head with a larger volume over which the RF and the 
magnetic fields are constant. 

In the present experiment, the requirement of the 

representative sample has been fully met for mustard crop 
by using ca. 2.5 g seeds. The agreement between the oil 
values obtained by the two methods is very good for 
mustard, which means that the solid phase T2, moisture 
content, and proton density difference between the two 
phases of the seeds do not  change significantly from sample 
to sample. The good agreement between the methods shows 
that it is possible to determine oil in seeds by pulsed NMR 
without weighing sun-dried seeds in plant breeding. 
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A B S T R A C T  

In this paper a method is described for preparing 10 g or more of 
heptadecenoic acid (C17:1w8) of 99 p.100 purity from Candida 
tripicallis yeast. Three cycles of treatment, based on crystallization 
techniques, were used successively: (1) Crystallization of fatty acids 
(in free form) from acetone at -25 C induced the elimination of 
most of the saturated fatty acids, and at -60 C, of all of the poly- 
unsaturated acids. (2) Inclusion formation of fatty acids (as methyl 
esters) with urea at hC induced the removal of all of the remain- 
ing saturated methyl esters and most of methyl oleate. (3) Crystalli- 
zation of fatty acid methyl esters from acetone at -60 C removed 
almost all the remaining monounsaturated methyl esters (methyl 
palmitoleate and methyl oleate). Total efficiency of the preparation 
was about 17 p.100. 

I N T R O D U C T I O N  

Thorough studies of lipid metabolism involve qualitative 
and quantitative analyses of lipid classes and their fatty 
acids in biological samples. Among the different dosage 
methods, the addition of internal standards (free or esteri- 
fled fatty acids) in the samples has the following ad- 
vantages: sensitivity, specificity, and efficiency (simul- 
taneous quantification of several kinds of lipids). 

Among all the natural fatty acids readily available, 
heptadecenoic acid (C17:1co8) is the one that best pos- 
sesses all the features which an internal standard should 
have: scarcity in most animal tissues, length of the carbon 
chain close to that of the main fatty acids in the biological 
samples, and easy usage in organic synthesis of esters 
(triglycerides, phospholipids, and cholesterol esters). Grown 
on hydrocarbons, Candida tropicallis yeast are rich in this 
acid (27.9 p.100 of total fatty acids). They are therefore an 
excellent biological source for preparing highly pure hepta- 
decenoic acid. 

Fractional distillation, often used in the past, could alter 
the structure of the fatty acid. Zhukov and Vereshchagin 
(1) avoided this problem and used preparative gas chroma- 
tography. Nevertheless, the authors worked out only some 
hundred milligrams of pure heptadecenoic acid, while a 

specialized, expensive apparatus would have been required 
for the preparation of several grams of this acid needed for 
our studies. 

It is possible to separate great amounts of fatty acids 
into classes in a single step according to the degree of 
unsaturation with a simple liquid chromatography device. 
Florisil columns or ion exchange resins columns impreg- 
nated with silver nitrate have been used respectively by 
Anderson and Hollenbach (2) and Willner (3), and Wuster et 
al. (4) and Emken et al. (5). This technique, whose various 
uses and limits have been described by Morris (6), has been 
applied particularly to purify cis-olefins from trans-isomers 
by De Vries (7) and Emken et al. (5). It is, however, ex- 
pensive, and its use is especially valuable for the purifica- 
tion of the polyunsaturated fatty acids. 

Fractional crystallization techniques, based on the 
differences in physical properties of fatty acids, allow a 
greater field of purification possibilities. They usually do 
not cause any damage to fatty acids, are cheap and allow 
great quantities of pure fatty acids to be extracted. Brown 
(8) and Brown and Kolb (9), on the one hand, described 
the potentially numerous applications of low temperature 
fractional crystallization from solvents, and Schlenk (10) 
and Iverson and Weik (11), on the other hand, showed the 
advantages of the formation of inclusion complexes with 
urea. In both cases, the purification of a given fatty acid 
can be obtained only after several successive steps in the 
same treatment. Similarly, several authors have worked out 
methods of preparing highly pure fatty acids (99 p.100 
pure or more) based on the use of either one of these two 
techniques or a combination of both. The raw sources used 
have been from either vegetable or animal origin: 
purification of oleic acid from olive oil by Swern 
and Parker (12), Keppler et al. (13), Rubin and Paisley 
(14), Fremont and Gozzelino (15), purification of 
linoleic acid from safflower oil by Brown (8) and Keppler 
et al. (13), or from corn oil by Schlenk and Holman 
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(16); purif icat ion of  arachidonic acid from 
pork liver by Privett et al. (17), purif icat ion of penta and 
hexaenoic acids from tuna oil by a combinat ion  of frac- 
tional crystall ization and preparative gas chromatography 
by Stoffel and Ahrens (18), or from menhaden oil by a 
combinat ion of methods  of fract ionat ion and liquid-liquid 
par t i t ion chromatography by Privett and Nickell (19). 

The aim of  the present  work is to describe a method  of  
preparing large quanti t ies (17 g) of  heptadecenoic acid 
(C17:1c08) from the total  lipids of Ca~ldida tropicallis yeast  
grown on hydrocarbons .  This method  is based on a com- 
bined use of low tempera ture  fractional crystall ization from 
acetone, on the one hand (free fa t ty  acids or methyl  esters), 
and fractional inclusion complex format ion with urea, on 
the other hand ( fa t ty  acids as methyl  esters). 

M A T E R I A L S  AND METHODS 

Preparation of Fatty Acids and Methyl Esters 

Total lipids were ext rac ted  as described by t:olch et al. 
(20), from four samples of  1 kg of Candida tropicallis yeast, 
collected after growth on a mixture  of C13 to C18 hydro-  
carbons. They were saponified by a 10 p.100 solution of 
alcoholic KOtl  overnight at 20 C. After  extracting un- 
saponifiable materials with hexane, fa t ty  acids were 
released by the addi t ion of He1 6N and were extracted with 
hexane. They were washed with distilled water unti l  neutral 
and dried over pure anhydrous sodium sulfate. Fa t ty  acids 
were methyla ted  by boiling and refluxing the solvent for 
30 min with 3 p.100 methanol  ttC1. 

Fatty Acids Crystallization 

From acetone.The following concentrat ions  were used: 5 
p. 100 for fatty acids in free form and 10 p. 100 for fat ty  
acids as methyl  esters. The solutions were kept  at -25 C 
or -60 C in an ul tra Kryos ta t  (UK 80 DW Lauda) in a 
methanolic  bath, for 6 hr, so crystall ization could take 
place. Crystals (C) were separated from the filtrate (F) by 
f i l t rat ion under  vacuum with a sintered glass funnel n ~ 0 
previously chilled at -25 C. Crystals gathered on the funnel 
were dissolved in chloroform.  Fa t ty  acids or their methyl  
esters were then recovered from the crystals or the filtrate 
after the  solvent had been withdrawn by evaporat ion under 
vacuum. 

With urea and methanol. The crystall ization of fa t ty  
acids (as methyl  esters) with urea was generally carried out  
under the following condit ions:  (a) 1 part (g) of methyl  
esters, (b) 10 volumes (ml) of  methanol ,  and (c) 1 part  (g) 
of  urea. 

Nevertheless, when small amounts  of  saturated fa t ty  
acids were present in the mixture,  the quant i ty  of urea was 
increased two- or threefold.  Methyl esters were rendered 
soluble in the methanol  in a glass Pyrex flask, and urea was 
then added to the solution. Its complete  dissolution was 

obtained by heating the solution with the help of an 
electric hot  plate. Afterwards, the solution was allowed to 
cool at room temperature and then transferred to a cold 
room at 4 C overnight, i t  was fi l tered under mild vacuum 
through a sintered glass funnel n ~ 0 kept  at 4 C. 

Methyl esters were systematical ly reextracted from fil- 
trates and crystals. First of all, methanol  was removed by 
vacuum evaporation,  and the urea of the remainder was 
solubilized in a boiling 1 p.100 He1 solution. Methyl esters 
were ext rac ted  with hexane and weighed, and their compo- 
sition was studied by gas chromatography.  

Analytical Techniques 

The C17:1co8 content  of  every successive fraction was de- 
termined by gas chromatography of their  methyl  esters on 
an open tubular  column of stainless steel impregnated with 
Carbowax 20M-terephtalic acid (100 m long and 
0.5 mm in diameter).  The device consisted of  a Packard 
Type  427 chromatograph f i t ted with a FID detector  and 
connected to an electronic integrator  LTT Icap 5 and a 
t touston Omniscribe potent iometr ic  recorder.  The follow- 
ing procedure was adopted :  oven temperature,  190 C; 
detector  and injector temperature,  240 C. The carrier gas 
was nitrogen "u"  filtered on an 0 2 and H 2 absorber Oxy- 
sorb (Airgaz). Its flow rate was 0.35 ml /mn corresponding 
to, in our operative condit ions,  a pressure of  0.4 bar. Fa t ty  
acid identif icat ions were obtained by calculating their 
corresponding equivalent chain length (EEL) values from 
retent ion times supplied by the electronic integrator and 
then, by comparing these values either to those of EeL  
tables from Flanzy et al. (21) or to those worked out  in 
our labora tory  from standard commercial  fa t ty  acids (Nu 
Chek Prep) under similar operative conditions.  The struc- 
ture of the last purified fraction of methyl  heptadecenoic 
(fraction C7"****) was also checked by the analysis of its 
infrared spectrum, supplied with an infrared Beckman 
model 420 spec t rophotometer  with a solvent-free 
compound  in a 0.1 mm cell. The purity control  was de- 
termined by recording the nuclear magnetic resonance 
(NMR) spectrum with a deuterochloroform solution on a 
Varian T60 spectrometer  operating at 60 MItZ. 

RESULTS AND DISCUSSION 

The total  lipid composi t ion  (13.8 p.100 of  dry matter)  of 
Candida tropicallis yeast  is indicated in Table I. Their 
phosphol ipid  content  was 70 p.100, which explained their 
low fat ty acid content  (8.9 p.100). The fa t ty  acids compo- 
sition of both classes of lipid yeast (phospholipids and 
triglycerides, Table I) was determined.  Since they were very 
similar, there was no need to separate the two classes. 
Extract ion yielded 346 g fa t ty  acids from 4 kg of yeast. 
According to its composi t ion,  the initial mixture included 
96.5 g heptadecenoic acid (C17:1co8). Apar t  from this 
acid (27.9 p.100), total lipids included 45.7 p.100 

TABLE I 

Extraction of Total Fatty Acids of Candida tropicallis Yeast: Some 
Characteristics of the Fractions at the Main Steps of Preparation 

Weight 
Fractions Centesimal composition ( g ) 

Yeast --  4000 
Yeast (dry matter, p.lO0 of fresh weight) 96.9 
Total lipids (p.lO0 of dry matter) 13.8 

phospholipids (p.lO0 of total lipids) 70 
triglycerides (p.100 of total lipids) 30 

Fatty acids (p.100 of dry matter) 8.9 346 
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saturated fat ty  acids, 11.2 p. lO0 polyunsatura ted  fat ty  
acids (C17:2co5, C18:2o06, C18:3co3), and 15.2 p . lO0 
monounsatura ted  fa t ty  acids of which 8.3 p.100 were 
hexadecenoic acid (C16:1co7) and 6.6 p.100 were oleic acid 
(C18:1009). 

Purification required 21 successive steps in three cycles. 
(The detailed fat ty acids composi t ion of  every successive 
crystall ization fraction is available upon request.) 

The first cycle allowed saturated and polyunsatura ted 
fat ty acids to be removed by fractional crystal l ization from 
acetone as free fat ty acids (Fig. 1). Most of the saturated 
fat ty acids (84 p. lO0) were removed in the crystals in a 
single step at -25 C. Elimination of the remaining saturated 
fat ty acids could not  be obtained by a second and similar 
t reatment.  Assays thus showed that  their low content  in the 
mixture F 1 (9.4 p. lO0) seemed to modi fy  their solubili ty 
features in acetone at -25 C, which el iminated any possi- 
bility of their selective crystall ization. This could be ob- 
tained by the format ion of urea inclusion complexes, but  
the methyla t ion of fa t ty  acids would be required. For  
efficiency, we chose to delay this t rea tment  stage and to 
maintain the same operat ing condit ions as before until the 
technique proved unnecessary; thus, most of  polyun- 
saturated fat ty  acids (97 p. lO0) were then removed in the 
filtrate in four  successive steps at the temperature  o f - 6 0  C 
(Fig. 1). This t reatment  induced the loss of 46 p. lO0 of 
C17:1co8 but  also of 86 and 51 p.lOO of  C16:1co7 and 
C18: lo09, respectively (Fig. 4). At this stage of  purif icat ion 
(fraction C2 '**) ,  the composi t ion of  the purified mixture  
(84 g) was 64.5 p.100 of  C17:1co8 (54.2 g), 5.1 p . lO0 of 
C16:1co7, and 13.8 p.100 of C18:1o09. 

The second t rea tment  cycle was aimed at removing all 
remaining saturated fat ty  acids as well as most of the 
C18:1009. It was obtained by the format ion of urea inclu- 
sion complexes of  fa t ty  acids (as methyl  esters) 
at 4 C (Fig. 2). First  of all, operative condit ions were 
established in order to extract  from the crystals 
20 and then 40 p. lO0 of  the fa t ty  acid methyl  esters. 
This induced the el imination of  saturated fat ty  
acids but  also the loss of too  much C17:1co8 (21.8 g). 
So secondly, fa t ty  acid methyl  esters from the crystals 
(fractions C 1 and C 4) were rehandled under  more intense 
condit ions (inclusion of 85 p. lO0 of fat ty acid methyl  
esters in the crystals) in order to keep a large part of  
C17:1co8 (11 g) in the filtrate. At this stage of  purification 
(fraction F4), the purified mixture (53.3 g) was still loaded 
with 9.5 p. lO0 of C18:1co9. It was thus necessary to 
continue extracting this acid in the crystals, which was 
carried out in a four-step procedure under  intense condi- 
tions (extract ion of 70 to 85 p.100 of fa t ty  acid methyl  
esters in the crystals). When this second cycle of t rea tment  
was over, the purified mixture of fat ty  acid methyl  esters 
(fraction F 5) contained 88.3 p. lO0 of  C17:1co8 (31.3 g), 
7.2 p.100 of C16:1c07, and 3.0 p. lO0 of  C18:1co9 (Fig. 4). 

The third cycle of t reatment  was aimed at removing 
almost all remaining monounsa tura ted  acids (C16:1o07 and 
C18:1co9) as fat ty  acid methyl  esters by fractional crystal- 
lization from acetone at -60 C (Fig. 3). The operative 
condit ions were first calculated to crystall ize about  70 p. 
100 of all fa t ty  acid methyl  esters (fraction C 6) which led 
to a decrease down to 4.1 and 2.1 p. 100, respectively in the 
C16:1co7 and C18:1co9 content ,  but  also a l o s s  of  7 g o f  
C17:1co8 m in the filtrate (fraction F6). Therefore,  
the filtrate was rehandled under the same condit ions 
which allowed 4.3 g of C17:1co8 to be extracted 
in the crystals. In order to complete  the purifica- 
tion of C17:1o08, crystals were grouped together  
(fraction C6) and treated under  condi t ions (10 
p . lO0 solution of fat ty  acid methyl  esters in acetone) 
which led to the crystall ization of 90 p . lO0 of fat ty  acid 

l FATTY ACIDS FROM CANDIDA TROP)CALLIS YEAST 

i 
c 1 

346 g (96.5 g C17:1) (fatty acids in free form) 
{ 7 1 acetone 

25C;20hr 

F1 220 # (98 8 g C17:1) 
5 1 acetone 

I t 60C;6hr 
ItF2. 

C 2 1519(81 2gC17:T) 
t ~ 35 1 acetone 

t 60C;6 hr * 
, ~ F 2 

C~ 114g (67 59C17:1) 

! 2 1 acetone 
/ 60C;6 hr 

~ F 2 * *  

:~'97 g (609 g C17:1) 

17 1 acetone 
/ 60C;6 hr 

1- F 2 * * *  

C *** 84g(,5412gC17:l) 

FIG. 1. Preparation of heptadecenoic acid (fatty acids in free form). 
Elimination of the main part o f  the saturated fatty acids by  crystal- 
lization from acetone at -25 C. Elimination of the totality of the 
polyunsaturated fatty acids from acetone at -60 C. C -- crystals; 
F = filtrate. 

C 2 (84 g) (542 g C17:1} (fatty acid methyl esters) 
84 g urea 
840 rnl methanol 
4 C; 20 hr 

' 1 F 3 65 g (486gC17:1) 

I 160 g urea 
1400 ml methanol 
4 C; 20 hr 

I- C 4 25g +C 3 19g(5,9gC17;1)=44g(21.9gC 17:1) 

(16 g C17:1) I ~ 160 g urea 
1000 ml methanol I t 4C;20hr 

!4 14. 35g(a13gC17:l) 140 g urea 
1000 ml methanol 
4C;20hr 

t 1 
F 409 * 8g F4** 55g C 4 " *  295g 
14 (32"2gC17:1) I (67gC17:1) I- (45gC17:1) (9.6 9 C17:1) 

$ 
~ F  4 53.5 g (43.4 g C17:1) 

J ~ 2009urea 
, 1000ml methanol 

4 C;20hr 
$ 

C 5 39 9 (33.3 9 C17:1) 

d:, 0g . . . .  
700 ml methanol 
4 C ; 2 0 h r  

Cw 29.5 g (24 9 C17:1) 
95 g urea 

i  no:reth ~176 

C 5 24g (196 gC17:1) 

I ~70 g urea 

i ..... 
C5"** Fw 6 5 g ~5"* 5 5 g Fs*9g 125 14 59(1249C17:1) 

[(67gC17:1) ](4.9gC17:1) I 8gC17:1) J 
1 

~EF 5 

FIG, 2, Preparation of heptadecenoic acid (fatty acids as methyl 
esters). Elimination of  the totality of saturated fatty acids and the 
main part of oleic acid by crystallization from urea and methanol 
a t4C.  
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F 5 355 9 (31 g C17:1} (fatty acid methyl esters) 

I ~ 700 ml acetone 
60C;6hr  

[ ;, F 6 11 g ( 7 9 g C l g : D  

200 ml acetone 
60 C; 6 I% 

C G 245g * '6~ 29C17:11 F6* (227 g C17:1) 45 

I ~ 290 ml acetone 
t 60C;6 hr 

J' F 7 

( '7 2550(239gC17:1)  

~ 250 rnl acetone 
t 60C;6 hr . *  

PI47 

('7" 23gl21"99C17 1) 

~ 230 ml acelone 
( 60C;6 hr ,** 

~, F 7 

('7 21g(203qC17 1) 

L ~ 210 nfl acetone 
i 60C;6hr  

D 'r 

(" 7"*'* 19g(186!1C17 1) 

~ /90 ml acetone 
I 60C;6 hr ,***,  

(' 7'*** 18!1(17 7!IC17 11 

180 ml acetone 
I 60C;6hr  b'7***** 

7"**** 17 1 

.FIG. 3..Preparation of heptadecenoic  acid (fatty acids as methy l  
esters). Elimination of most  of the monounsaturated fatty acids 
(palmitoleic and oleic acids) from acetone  at -60 C. 

methyl  esters. These conditions restricted the relative 
crystallization of C16:1co7 and C18:10o9 as much as 
possible, but  six successivc steps of the same treatment  
were necessary (Fig. 4). The C17:10o8 purification ended at 
stage C7"**** (17 g) with a purity of 99 p.100. The total 
efficiency of the preparation was about 17 p . 1 0 0 .  

Molecular structure of pure methyl heptadecenoatc 
(fraction C7"****) was then studied by gas liquid chroma- 
tography. By comparing the ECL values (16.28 for C16:1 
0o7, 17.24 for C17:1, and 18.20 for C18:1c09), the double 
bond was very likely located on the co8 carbon (C17:10o8) 
which agrees with previous data (1,21). In addition, the 
GLC analysis indicated that the double bond has very likely 
a cis-configuration, again in complete agreement with the 
results obtained by Zhukov and Vcreshchagin (1). 1R and 
RMN spectra analysis confirmed the structure of methyl 
heptadecenoate and thus the molecule's high degree of 
purity. 

The main difficulty in purifying the C17:10O8 was the 
presence of two monounsaturated fatty acids (C16:10o7 
and C18:10o9) in the original mixture whose physical 
properties differed very little and moreover in opposite 
ways from those of C17:1co8. Fractional crystallization 
from acetone at -60 C proved suitable for removing C16:1 
oo7 (and polyunsaturated fatty acids and urea complexes 
format ion at 4 C for removing C18:1co9 (and saturated 
fat ty acids). So, preparation of a large amount  of very pure 
(99 p.100) heptadecenoic acid (more than 17 g) from 
Candida tropicallis yeast can be carried out by fractional 
crystallization with a conventional laboratory device, this 
present procedure being a compromise between preparation 
time and purification yield. 
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