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ABSTRACT 

When suNe~ed to caN~a~ gas chrom~ograph~ Ncolin~ e~er derivatives of fatff adds were 
shown to have ~ good chmm~o~apNc properti~ ~ ~e  cormsponNng m~h~  ~ .  By u~ng a caN~a~ 
c~umn of meNum pontiff  (Supdcowax 1~, ex~l~m ~so~fion wi~ ~ s p ~ t  ~ chNn ~n~h,  degr~ of 
unsaturation and po~fionN ~om~s was obtNned wi~om any serious proNems win a dNturbed back- 
ground due to cMumn Need ~ the ma~ spe~rom~ric im~pr~afion of Nagnostic ions. These ~atums 
permitted a fimNe on~s~p procedu~ m be carried om ~ r  ~e  chara~efizafion of fatv adds wi~ ~spe~ 
~ mo~c~ar wNgM, numb~ of douNe bonds and pofifionM N o m ~  The u s e M ~ s  of ~e  ~chNque ~ r  
Ne ~enfificm~n of the ~ y  adds ~ borage seed N1 (Borago ofh'c~is) was d e m o n s ~ e d .  In adNfion m 
~fino~n~ add, ~e  most impo~am ~ y  a~d in borage ~ed NI ~om a comm~dM ~andpN~, a M~her 
~ u ~ n  Nffe~nt Ntty adds couN be pofifivdy ~entified. 

INTRODUC~ON 

Gas chromatography (GC) of meth~ esmr derivatives on fused-silva capillary 
columns of medium polarity is generM~ considered as the method of choice for the 
quantitative analysis of complex fatty add mixtures of natural ofi~n. However, 
akhough ha~ng excellent GC properties, the meth~ esters are less suitable as 
derivatives for structural d~erminafion by mass spectrometry (MS), main~ because 
isomefizafion of the unsaturated fatty acids occurs during ionkation. Several different 
methods to overcome the problem of double bond migration have been extensNdy 
revkwed [1,~. 

One common~ used approach involves the fixation of the double bond by 
chem~M means such as hydrox~ation followed by trimeth~filylation. However, 
~though this is a powerful ~chnique for the identification of pure fatty adds, the large 
increase in mo~cular w~ght and remntion times makes the procedure kss suitable for 
the analysis of natural fatty add mixtures containing polyenoic adds. Another 

0021-9673/90/$03.50 © 1990 E~e¼er Sdence Publ~hers B.V. 



~ I. WRETEN~ L. SVENSSON, W. W. CHRISTIE 

approach to the problem is the preparation of pyrolfidide ~,~,  picolin~ es~r [5-8] or 
oxazoline ~,1~ defivatNes, which ~abifize the douse  bonds during ionization in the 
mass s p e c ~ o m e ~  resulting in wall ~ecogn~ab~ diagnostic ions. However, in these 
procedures packed columns or capi~ary columns coated with non-polar ~ationary 
phases have genera~y been used, which might cause pro~ems with respect to low 
resolution and increased risk of peak overlapping. 

One approach to overcome this pro~em has been ~actionation of the m~hyl 
esters with respect to unsaturation by silver ion high-performance liquid chromato- 
graphy before GC MS [8]. In this study the usefulness of capillary GC of picofin~ 
ester derivatives on a medium-polarity column for the mass spe~rom~fic identifica- 
tion of the fatty adds in borage oil is demon~ra~d, The results obtained confirm 
pre~ous identifications of ~fino~nic acid based on other ~chniques such as 
eq~v~ent  chain length values [11] and permangana~-periodate o~dation [1~. 
Fu~her, most of the other fatty acids in borage oil were identified by using this 
~chnique. 

EXPERIMENTAL 

M a w r ~  
Refined borage seed oil (Borago officinalis) was obtained Dora Kabi Nutrition, 

(Stockhdm, Sweden). >(Hydroxymmh~)pyri~ne, Nmmh~aminopyri~ne and tri- 
fluoroacefic anhydride were pumha~d Dora Sigma (Poole, U.K.), pomsfium hy- 
droxide ~om EKA (Bohus, Sweden), ethand Dom KemN~ (S~ckhNm, Sweden) and 
MI otheE reagents and solvents Dora Merck (Darms~dt, F.R.G.). Sepral~e (Bond- 
Elu0 NH20minoprop~-bonded filicM sorbent was purchased ~om AnMyfichem 
Inmrnational (Atlanta, GA, U.S.A.). 

Preparat~n of p&olinyl esters 
After saponification of the oil (100 mg), the Dee fatty adds were conve~ed into 

thdr picolin~ derivatives essentially as described by Christ~ and Stefanov [13]. In 
order to obtain a higher y~ld of Dee fatty adds in the ex~action stop, the hydrochloric 
add concen~afion was increased to 6 M. For the removM of unreac~d ~ee fatty adds 
a~er the derivatizafion s~p, Bond-Elut NH2 was used insmad of purification by 
Florifil column chromatography. To the derivatives dNsolved in diethyl ether a ~w 
mill~rams of Bond-Elut NH2 were added. After 10 rain the mixture was vo~ex mixed 
and centrifuged. The isolamd supernatant was evapora~d and the dried residue 
di~olved in hexane. 

Preparat&n oJ~fat~ acM me~yl ~ t~s  
The oil (100 m~  was transe~efified ufing 0.5 M m~hanolic sodium m~ho~de 

and the mmh~ esters were extracted into hexane. 

Gas chromamgraphy of fatty acid me~yl esw~ 
A Hewl~Packa rd  5880 gas chromatograph equipped with flame ion~ation 

detector, a split i~ecfion sysmm and a Supe~owax 10 fused-fil~a capillary column, 
(30 m x 0.25 mm I.D.) was used. The carrier gas (hdium) flow~ate was 0.9 ml/min 
and the sNitting ratio was 1:100. The oven mmperature was held at 180°C for 8 min 
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and then programmed at 10°C/min to 225°C, at which it was h~d for 23 min. The 
i~ection and detection mmperatures were 250°C. 

G~ ch~matography of picdinyl ~ter de~mH~s 
The same eq~pment  and anMytical conNtions were used as in the analy~s of 

Ntty acid m ~ h ~  ~ m ~  ex~p t  ~ r  ~ e  m m p ~ u ~  setting. The oven ~ m p ~ a t u ~  was 
held i ~ m a l l y  at 260°C ~ r o u g h o m  and the i~e~ ion  and de~ction m m p e m ~ s  
were 280°C. 

Gas chromatography mass specwom~ry of p~olinyl eswr de,valves 
A Hewl~bPackard Model 5890 gas chromatograph eq~pped with a spliU 

splitle~ i~ection sy~em in combination with a H e w l ~ P a c k a r d  5970 mas~se~cfive 
detector was used. The c~umn was the same as for the GC anNysis. The hdium 
flow-ram was set at 1 ml/min and the oven mmperature was 260°C. The injection and 
ion source mmperatures were 280 and 250°C, respective~. The spectra were recorded 
at an ionization energy of 70 eV. 

RESULTS AND D~CUS~ON 

A comparison of lhe gas chromatograms obtained for methyl esters and 
~co l in~  derivatives of the fatty adds in borage oil ~ show in Fig. 1. In order to elu~ 
the ~ c ~ i n ~  derivatives within a reasonaNe period of time, a higher column 
mmperature was needed. A mmperature of 260°C, 20°C below the recommended 
ma~mum mmperature of the column, was chosen as a satisfactory compromise with 
respe~ to c~umn Needing and analy~s time. Despi~ the differences in remntion 
times, the ~ution patmrns are very ~mi~r  and the ~co l in~  derivatives seem to have as 
good GC p r o p e ~ s  as the m ~ h ~  e~e~.  The smM1 peak appearing on the sho~der  of 
peak 8 in the chromatogram of the ~co l in~  esters might be an armfa~ introduced 
during the preparation of the ~cof in~  es ter .  

The fatty acid compo~tion of borage oil as obtained by anMysis of  the meth~ 
e s ~  is shown in Table I. The d~tribution is ~milar to pre~ouMy pubHshed ~esults 
[11]. In an a t~mpt  to use the peak-area di~fibufion of the ~co l in~  derivatives ~stead 
of  the m ~ h ~  esters as a measure of the fatty a~d compoht io~  it was observed that 
p~yunsaturated and l a t ~ u t i n g  fa~y adds were ~scriminated ag~nst to some extent 
(of, Table I). 

The mass spectra of the fatty add p i c O ~  ester derivatives of borage oil 
con tused  good m o ~ c ~ a r  ions and distinct ~agnostic ions, which fa~fi ta~d 
identification of the fatty add  m~eties. As expe~ed, a c e ~ n  degree of  Needing ~om 
the medium-polarity column could be observed. As a consequence, disturbing 
background peaks i n f r a r e d  to some extant in the in~rpretation of the mass spectra of 
minor constituents. By increa~ng the sample size and by u~ng background 
s u b t r a ~ n ,  these proNems were e ~ e n t i ~  ~ im~ated  as co ~d  be demon~ra~d  by 
the very informative mass spe~rum of  18:4 ( n - 3 ) ,  a minor fatty add  in borage oil 
compri~ng only 0.2% (Fig. 4). The negative inten~ties of some Feaks in Figs. 2, 3 and 
4 are due to background subtraction. 

In Tab~ II, M1 the fa~y a~ds which could be identified in the borage ~1 are ~ven 
together with the most impo~ant  diagnostic ions. 
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Fig. I. C h r o m a t o g r a m s  s h o w i n g  s e p a r a t i o n  o f  fa t ty  a d d s  in b o r a g e  oil as (a) me thy l  esters a n d  (b) picof inyl  
esters o n  a f u s e d - s i l v a  cap i l l a ry  c o l u m n  c o a t e d  wi th  a po lye thy lene  glycol  phase  ( S u p ~ c o w a x  10). F o r  
de t a~ed  ana ly t i ca l  c o n d i t i o n ~  see Expe r imen ta l .  Peaks:  1 - 1 &0; 2 - 16:1 (n - 7); 3 = 16:1 (n - 5); 4 - 18:0; 
5 = 18:1 ( n - - 9 ) ; 6  = 18:1 ( n - - 7 ) ; 7  = 1 8 : 2 ( n - - 6 ) ; 8  = 18:3 ( n - - 6 ) ; 9  - 1 8 : 3 ( n - - 3 ) ;  10 = 1 8 : 4 ( n - - 3 ) ;  
11 = 20:0; 12 = 20:1 (n - -9 ) ;  13 = 20:2 (n - -6 ) ;  14 = 22:1 ( n - - 9 ~  15 = 24:1 (n - -9 ) .  

The mass spectra of the picofinyl esters of saturated fauy adds showed a regular 
pa~ern of ~agmenu 14 a.m,u, aparL representing cleavage at each methylene group. 

Among the monoeno~ fatty acids, two 16:1 Nomers could be found, i .e. ,  the 
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TABLE I 

THE FATTY ACID DISTRIBUTION IN BORAGE OIL DETERMINED BY GC ANALYSIS OF 
FATTY ACIDS AS METHYL AND PICOL1NYL ESTERS 

Peak No. Compone~ M~hyl esters N c M ~  e ~ s  
O~a %) O~a %) 

1 16:0 9.77 12.35 
2 16:1 ( n - 7 )  0.14 0.16 
3 16:1 (n-5) 0.21 0.26 
4 18:0 3.44 3.92 
5 18:1 (n-9) 14.80 16.60 
6 18:1 (n-7) 0.52 0.63 
7 18:2 (n-6) 37.51 38.22 
8 18:3 (n-6) 24.58 19.18 
9 18:3 (n-3) 0.20 0.13 

10 18:4 (n-3) 0.18 0.07 
11 20:0 0.22 0.21 
12 20:l (n-9) 4.18 4.12 
13 20:2 (n-6) 0.22 0.17 
14 22:1 (n-9) 2.51 2.03 
15 24:1 (n-9) 1.11 0.71 

( n - ~  and (n - -5 )  Nomers,  the occurrence o f  the h t ~ r  not  h a ~ n g  been reported 

p r e ~ o u ~ y  in borage  seed oil. Except  for the gap o f  26 mm.u.,  or sometimes b ~ m r  a gap 

o f  40 a.m.u.,  b ~ n g  indicative o f  the pof i t ion  o f  the double  b o n ~  each m o n o e n o ~  fatty 
a d d  as a general r ~ e  shows a doublet  o f  peaks representing hydrogen abstract ion 

allylic to the double  bond [6]. F o r  instance, 16:1 ( n - 5 )  could be ~en t i f i ed  pa~ ly  

100- 92 

8O 

1 o8 

N ~ O  0 -- 

40- ~ 

100' ' 2~0 

26 

.... 't, 
30O 

m~ 

M+ 

~ 345 

Fig. 2. Mass spectrum of 1 l-hexadecenoic acid picolinyl ester [16:1 (n-5)] in borage oil. 
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~g.  3. Mass ~ e c ~ u m  of &9 ,1~oc~dec~f ien~c  add p ~ i n ~  es~r [18:3 ~ - ~  in borage oil. 
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because of a gap of 26 a.m.u, b~ween the # a g m e n ~  262 and 288 or of  40 a.m.u. (mQ 
= 248-288) and partly because of a doublet of  ions at m )  302 and 316 (Fig. 2). The 
spe~rum of the anNogous C~ ~ fa~y add  dedvafive has been punished dsewhere [~. 

The structures of  the d ~ n o ~  fa~y adds  could be d~ermined in the same way as 
for the monoeno~  compounds.  For instance, in the spe~rum of  ~noleic add  the 
pofifion of the douNe bond could be dNermined by a gap of 26 a.m.u, b~ween the 
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Fig. 4. Mass spectrum of 6,9,12,15-octadecatetraenoic acid picolinyl ester [18:4 (n--3~ in borage oil. 
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peaks ofm/z 274 and 300. A~er a gap of 14 a.m.u., representing a methy~ne group, 
another gap of 26 a.m.u., representing the second double bond, appears. Throe 
~agnostic ions representing hydrogen abstraction allylic to the double bonds could 
also be found at m/z 274, 314 and 328. The spectrum was Mmilar to that obtained by 
Harvey [6]. 

All the tfienoic and m~aeno~ fa~y adds in borage seed oil could be identified. 
None of the douNe bonds of these fa~y acids were close to the carbox~ grouN wNch 
could lead to ~fficMties in identification [7]. The pattern 26 14 a.m.u, ind~ating 
double bonds coMd be seen and also a strong diagnostic ion representing cleavage by 
loss of an M~I~ rad~M a~acent  to the ~rminM double bond [6]. In the spemrum of 
the ~ c d ~  ester of 7-1in~eMc acid ions 14 a.m.u, apart, counted from the mmhyl 
end, were found (Fig. 3). The first double bond is reached at the gap of 26 a.m.u. 
bmween the fragments of m )  272 and 298. A~er 14 a.m.u. ( CH2) another gap of 26 
a.m.u, is reached, repm~nting the second double bond. Finally, the third double 
bond is found between C6 and Cv. The third gap of 26 a.m.u, was not as distinct as 
the others, the gap of 40 a.m.u, b~ween the Dagments ofm/z 178 and 218 being more 
indicative of the double bond. The strong diagnostic ion of this tfienoic acid is, 
accordMg to the schemes of Harvey [q, at m )  258. The ~ t ty  acid omadecam~aenNc 
add or 18:4 (n 3), p re~ous~  identified by Kleiman ~ aL [11] by means ofeq~vMent  
chMn-~ngth values, was also confirmed by GC MS. The spec~um is shown in Fig. 4. 
The positions of the throe double bonds closest to the methyl end am dmcrmined by 
the pattern 26 14 a.m.u.. The fourth double bond dose~  to the carbox~ group does 
not give very distinct ions, but agMn a gap of 40 a.m.u, bmween the ffagmen~ ofm/z 
178 and 218 is found. The diagnostic ion representing cleavage a~acent  to the mrmi- 
hal double bond is found at m/z 298 [~. 

Ncolm~ ester derivatives have been shown to be very useful for the structure 
determination of fatty acids by G C - M ~  Mso reported d ~ w h e m  [5 8], because of their 
good mass spe~rommfic qualities. For the GC separation, non-pdar  columns have 
m o l l y  been chosen because of the high mNecMar wright and also the polarity of 
~ c d M ~  esters. However, on non-p~ar  cNumns oveflapNng of peaks might be 
expe~ed, espedM~ with the ( n - 6 )  and ( n - 3 )  ~mil~s of Ntty acids, When 
a medium-pdari ty column was used, as in this instance, poMtionM isome~ could be 
separated easily. Linoleic acid and ~-linNeic add were also well resolved which might 
not be the case on non-pdar  cdumns  [1 ~. An ea~y a~empt to use such a column was 
not successful [7], but there have been improvemen~ in manufa~ufing ~chMques 
recently to ~ve polar phases of great ~abil i~.  Although the N c d ~  esters of ~ t ty  
adds were run isothermM~ at 260~C and the corresponding mmhyl esm~ according to 
a mmperatum programme from 80 to 225°C, their gas chrom~ograms were very 
~milar (Fig. 1). This drcum~ance  would fadfitam identification. This mchMqum 
i nvd~ ng  only one M~rumentM step, is very suitable for the Mentification of ~ t ty  
adds in otis of moderate c o m p l e t e .  For m o ~  comNex oil~ such as fish oils, probably 
a liquid chromatograph~ weffactionation is mq~md [8]. Positive identification of lhe 
~ t ty  acids in oil ofBorago O~/i'c~alis by GC-MS was achieved pm~ously by CrMg and 
Bhutty [1 ~ by means of permanganam pefiodam o~dat ion aRer the Nolation of each 
of the ~ t ty  adds. In that work, 1 l-hexadeceno~ acid [16:1 ( n -  5)], ~ - l ~ e M c  acid 
[18:3 (n 3~ and 6,9,1Zl&octadecatrieno~ add [18:4 (n -3 ) ]  were not identified. 
These throe fa~y adds were probaNy not d e p l a n e  by the procedures available at that 
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t ime.  A ~ o r ~ n g  to ~ e  p ~ n t  w o r k ,  16:1 ( n - 5 ) ,  18:3 ( n - 3 )  a n d  i u  c o ~ e ~ o n N n g  

t e t r a e n e ,  18:4 ~ -  ~ ,  ~ e  p ~ m  b m  in s m a l l  a m o u n t s ,  v~. ,  0 . 2 1 % ,  0 . 2 0 %  a n d  0.18 % ,  

~ s p e ~ N d y  ( T a N e  ~ .  
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